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1.0 INTRODUCTION

l.i Sumnary and Conclusions

o Military/aerospace usage of flat power cables is limited at this time.

o Optimized flat cables have up to a 50% weight advantage over round wires,

due to higher tolerable current demsities.

o Installation of f£lat cables would require a combinaticn cf bend . :fcraizg

during harness assembly and final forming during installation.

o Due to the stiffness of flat power cable and the permanent bends performed
during installation, extraction of a harmess for maintenance tasks would bde
difficult. However, the occurence of damage or failures which fould not be
repaired while the harmess is in place would be low. It would be most cost
effective to cut an inwplace non-repairable harness out and replace it with a

uew one.

o The sum of life cvycle costs for procurement, harness buildup, installation,
and maintenance are equal when comparing flat cables to round wires, The net
effect of flat cable usage would be a savings in fuel costs or an extension

in mission range, due to the lighter weight harmesses.

o Flat cable shielding requirements could not be determined within the

l
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constraints of this study. It is expected that flat cables would have an
advantage over round wires where EMI, EMP, EMC, and lightning considerations

are involved. This is a question that should be addressed in future studies.
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1.2 Background

Weight reduction is a constant goal in aircraft. Recent innovatioms to
achieve reduced weight in aircraft airframes have included the use of
structural composite materials in ever increasing quantities and the use of

large scale integrated (LSI) digital solid-state avionics equipment.

The use of composite materials in aircraft affects the electrical system in
two ways: (a) the higher electrical resistance affects or precludes the use
of the airframe for electrical ground return, and (b) composite structures do

not provide the shielding from electromagnetic effects (EME) that metal

airframes provide.

The use of LSI digital avionics equipment places new demands on electrical
pover supplies to remain at constant, transient—-free levels. A sudden surge
or momentary drop in digital navigation equipment supply voltage can cause
undesired memory or register changes as well as possibly damaging the LSI
circuits,

The addition of a separate wire for ground return and the additiomal
shielding requirements not provided by composite airframes would result in an

increase in power distribution system weight of 30 to 50 percent.

To effectively deal with the problems mentioned above and avoid the weight
penalties that would be imposed by conventional power distribution

techniques, an alternative conductor geometry has been proposed. The

configuration consists of two, wide, thin, copper strips placed back-to-back

co v m—
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and separated by a thin dielectric material.

This configuration offers several advantages over conventional round wires.
Por conductors with the same cross sectiom, the flat conductor has a greater
surface area for cooling, hence, a greater current density is possible with
the same tolerable insulation temperature. This reduces the weight of copper

required in a given harmess.

Another advantage of the flat, closely space conductors are decreased
inductance, increased capacitance, and a decreased electromagnetic field
emitted by the harness. These parameters geduce problems of electromagmetic
fields being coupled to a harness and reduce compatibility problems with

nearby wiring and electrical equipment,

The flat power cable concept presents unique and challenging problems with
bharness build-up, airframe installation, maintenance, and termimation.
Whether flat power cables have sufficient advantages to overcome the problems
associated with the new technology is a question that this report will answer

to the best level possible.
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1.3 Program Approach

To evaluate the extent of positive and negative factors involved with flat

power cables, a comparative 'analysis approach was used,

An operational fixed wing aircraft was selected from present military
inventory. Replacement harnesses were designed for selected runs based om
270V DC equivalent power ratings in both flat and round configuratioms,
assuming (a) an all metal aircraft, (b) an all-composite aircraft, (¢) a

mixture of both.

The replacement designs were then analyzed for (a) harness weight, (b) life
cycle costs (procurement, build=—up, installation, and masintenance), (c)

reliability, and (d) maintenance considerations (other than cost).

The knowledge zained from the harness design and comparative analysis was
used to generate a flat cable harness design, manufacturing build=-up, and
airframe installation guide, as well as to identify harness components and

production tooling required for successful flat cable utilizationm.

Councurrent with the initial phases of the program, a literature search and a
wire and connector industry survey were conducted to determine the
state-of-the—art with £lat power cable usage in aircraft,missiles, launch

vehicles, spacecraft, or ground systems.

The general program flow can be seen in Figure 1.2.1.
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2.0 FLAT CABLE STATE-OF-THE-ART—~LITERATURE SEARCH AND WIRE AND CONNECTOR
INDUSTRY SURVEY

2.1 Literature Search

With the aid of Boeing”s computerized literature search of major technical
data banks, a list of recent documents dealing with flat conductor power
cable was generated., A list of these documents can be seen in the

Bibliography (Appendix A).

Copies of the documents were reviewed and it was found that a large majority
of the documents were focused towards the use of multi-corductor signal-type
ribbon cable, rather than the large gauge flat power cables under
consideration in this study. This fact is useful since the solutions to
problems of harmess support and routing for ribbom cable are applicable to

flat power cable.
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2.2 Wire'and Connector Industry Survey

A variety of means was used to determine what flat cable components are i
currently available commercially or are in the development stages. The bulk
of the.sutvey was performed by correspondence sent to wire and/ or commector
manufacturers with previous aerospace and/or flat cable involvements, The
remaining information was collected by reviewing informationm currently on
file or informal contacts with assorted industry personnel. The results of
this study”s survey most probably represents the average condition of

state~of-the—art commercial flat cable components.

0f the fifty manufacturers contacted, rougihly 20%7 of the responses were
positive to some extent. Most of the potential harmness components which are
currently available are designed for ground systems. These components could

most probably be developed to the rough service and high reliability

requirements of airborne equipment with a moderate amount of redesign. i

A listing of these present flat cable compomnents can be reviewed in the
supplement to this report. The data in the supplement have been classified as
proprietary at the request of some of the respondents to the survey., Access
to the supplement is restricted to authorized persomnel of The Boeing Company

and the Naval Air Development Center.
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3.0 FLAT CABLE AND ROUND WIRE EXAMPLE EARNESS DESIGN AND COMPABRATIVE ANALYSIS
3.1 Examaple Airframe Selection

The airframe selected for study was the E-3A, which is currently in full
production and operation. The adaptation of the Boeing 707 jetliner to the
current configuration of the E-3A started approximately 15 years ago, and the
707 has been in service for more than 20 years. Well established wiring
weight, electrical parameter, manufacturing and maintenance data are readily

svailable for the E-3A,

In the adaptation of the 707 to tae E-3A configuration, the electrical
generating capacity was increased by a factor of 3. This demonstrates the
complexity of power distribution in a sophisticated military surveillance
aircraft, Hence, the E-3A offered a wide range of power cables to select the

example harnesses from.

The E-3A electrical system is 115/200 volt, 3-phase, Y-connected, 400 hertz
pover, vhich is also the system in use on many military aircraft that is

being considered for replacement with 270 volts D.C,

»
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3.2 Example Harness Selection
The E-3A contains approximately 1100 power distribution harnesses to choose
from. The following factors were included in the selection of harnesses for

the study:

(1) Several harnesses were selected to provide a suitable range of current

requirements (2.0 to 300.0 amps).

(2) Inclusion of wire routing in tight quarters and frequent course changes

were desireable factors for study of installatiom difficulties.
(3) Both pressurized and unpressurized areas were included.
(4) High and low temperature environments were included,

(5)conditions where high vibration and length changes due to airframe stress

or thermal expansion/contraction were included.

After evaluation of candidate harnesses for the above factors, the existing
runs given in Table 3.2.1 were chosen for study. Table 3,2.2 gives the
required harness ampacities for 270V DC based on equivalent power ratings of

.the 115/200V AC system.

10
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TABLE 3.2.1

Descriptive Parameters of Example
Harnesses Selected for Study

Nominal Load in Amps

200.0 (high ampacity)
Wire Gauge - #4 AWG*

200.0

Combination of AL & CU
Wire Gauge - #4 AWG*

Wire Gauge - #2 AWG (Alum.)

60.0 (medium ampacity)
Wire Gauge - #6 AWG*

12.7 (Low~1 ampacity)
Wire Gauge = #8 AWG*

2.5 (Low=2 ampacity)
Wire Gauge -~ #18 AWG*

*All wvire copper, unless otherwise noted.

1

(All smpacities are 115/200 volt, 3 phase, alternating current values)

Harness Run

From generator #1 engine
to pylon firewall (F/W)

From Pylon F/W to Generator
Control Breaker (GCB) E15
Rack (left side of aircraft)

From control unit in El6
rack (right side of aircraft)
through pressure seal to
liquid cooling system pump
on left wheel well bulkhead

From CB panel
to communication
cabinet

From CB panel P6l-1 to fuel
control moduie M708 in El6
rack
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3.3 Replacement Harness Designs - Considerations Common to Both Flat and

Round Conductors.
3.3.1 Airframe Types - Composite, Metal, or Mixtures

The three airframe types under consideration for this study are (1) all
metal, (2) all composite, (3) mixtures of both metal and composite. What was
done was to consider that our selected aircraft (the E-3A) was so constructed

for each of the three types.

It was soon realized that, lacking specific structural details, the metal/
composite airframe was too vague to allow specific harness design and
analysis, For example, if the mixture comsisted of a composite skin with
occasional metal structural members, electrical resistance through the hull
would probably be too high to permit structural current return, and
negligible shielding would be provided from electromagnetic effects (EME), In
this case, the metal/composite airframe would essentially resemble a 100%
composite airframe from a harness design standpoint. On the other hand, if
the metal/composite airframe had a complete outer metal skin with composite
structural members, the metal skin could be used for current return and
shielding would be provided by the skin. In this case, the airframe would
most closely resemble the all-metal airframe. Therefore, the mixed material
airframe was considered to behave like the material of the outer skin, and no

further consideration was necessary exclusively for it.

13
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3.3.1.1 Admittance of External Electromagnetic Fields in Metal or

Composite Airframes

A. All Metal Air Frame

The air frame effectively shields the wiring from exposure to electromagnetic
effects (EME), provided there are no openings in the skin, like landing gear
doors, cockpit windows and openings around access doors and attachments of
flight control surfaces. During the most probable time of exposure to EME,

during flight, most openings would be closed.

B. All Composite Air Frame

Graphite epoxy skin and structure by itself offers no shielding to the cable
runs or other electrical components, It is necessary to add protection to the

viring itself and solid state circuits to prevent EME interference or damage.

The electromagnetic effects mentioned above include electromagnetic
interference (EMI) and nearby lightning strikes, but not direct lightuning
strokes. Lightning presents an additional threat to composite structures in
that direct lightning strokes of sufficient magnitude can rupture composite

skin and seek out internal metallic components (such as wiring).

In the case of composite airframes, lightning protection must be provided by
(1) selecting routing patns away from high threat areas, (2) using surge
arrestors, (3) providing sufficient electrical isolation of metal components

(structural members, equipment cases, wiring, etc.) in high threat areas, (4)

14
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providing low impedance preferred paths for lightning. For the purposes of
design of the replacement harnesses in this study, it has been assumed that
sufficent lightning protection has been added by other means and no lightning
protection is necessuiy as a part of the harness except for the provision of
maintaining ground conductor isolation from the partially conductive
composite structure in high lightning threat areas. Figures 3.3.1 And 3.3.2
serve to illustrate the definitiom of lightning threat level areas. Zone 3 in
figure 3.3.2 will be referred to as a low EM threat area for the remainder of

this report.

In the low EM threat areas of composite airfraﬁes, it was considered

necessary to provide an electrical comnection of ground conducters, saields,
and equipment metal cases to the airframe to prevent a‘personnel hazard due
to a possible static charge buildup between the airframe and exposed circuit

grounds,
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(@)

Apparent motion of
discharge channel

Figure 3.3,1: Sheich lllustrating Swept Siroke Phenomenon
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ZONE 1 Surfaces for which there is a high probability of direct
stroke attachment. 1

IONE 2 Surfaces for which there is a probability of stroke being
swept rearward from a Zone 1 point of direct stroke
attachment.

ZONE 3 Surfaces for which there is a low probability of either
direct or swept stroke attachment.

Note: If leading or trailing edge devices are
extended, they may also be categorized
as Zone 1. An extended landing geor
is in Zone 1.

=

MMM

Figure 3.3.2: Llightning Strike Zones For Typical Subsonic Jet
17
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3.3.2 Conductor Material Selection = Aluminum Versus Copper Conductor

At first glance, the use of aluminum conductors seems quite attractive from a
weight savings standpoint. The conductivity of aluminum is only 632 of the
conductivity of copper. However, the demsity of aluminum is 30% that of
copper. This means that for given conditions of cument, temperature and
voltage drop, an aluminum conductor must have 597 greater cross—-section than

a copper conductor, but the aluminum conductor would weigh 527 less,

There are other considerations which dimipish the benefits of using aluminum:

a. For the equivalent aluminum conductor above, the increase in cross section
results in an increase in total insulation, which decreases the weight

savings.

b. The mechanical strength of aluminum creates problems when an attempt is
made to utilize it in small gauge sizes, Boeing does not recommend using

aluminum for round wires with cross—section below #6 AWG as a general rule.

c. It is usually desired to utilize both copper and aluminum wires in a given
structure, This means that, at some point, the two must make electrical
contact, Being dissimilar metals, galvanic corrosion and differential thermsl
expansion are problems. Splice fittings are available that employ chemical
inhibitors; however, they present a weight and space penalty over regular

fittings.

18
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In addition to these general considerations, there are some specific
considerations when considering aluminum versus copper in flat conductor

cable,

d. The requirements for greater cross—section when using aluminum results in
a larger surface area for heat transfer. This change does not significantly
affect temperature rise in the case of round wire, but it is significant with
flat cable, Thus, the weight of aluminum in flat cable is reduced even
further over the weight savings of aluminum versus copper in round

conductors.

e. The mechanical strength problems with aluminum become even more critical
due to the thinness of flat conductor. Aluminum has less ductility than
copper. Breakage would become a problem in areas of tight routimg, frequent

flexing and vibration.

In summary, aluminum conductors will be used in power runs where routing,

bends and flexing are infrequent and vibration levels would be low.

For other conditions, copper will be used due to the greater ductility and

vibration resistance.

3.3.3 Conductor Sizing Procedure -~ General Considerations

In sizing aircraft wiring, it is desireable to use the smallest wires

possible without exceeding the temperature limits of the wire or the

19
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allowable voltage.drop of the circuit., In the E~3A, thé main feeders from the
generators to the distribution rack are not regulated for voltage. The
conductors are sized for maximum allowabie temperature according to steady
state current or expected transient overload, whichever has the greatest
temperature rise. Generator excitation can be adjusted to offset conductor
voltage drop. For our replacement designs, there is no transient overload
associated with the remaining system, ﬁs there is no remaining system
defined. Conductors were sized for steady state maximum currents and the
overload capacity for a period of 40 milliseconds is given (40 milliseconds
is the present response time of DC solid-state transient suppressors).
“Downstream” from the point of regulation the circuit voltage drop became a
significant consideration for conductor sizing. Conductor voltage drop is
usually specified as a pe-centage of the supply voltage, approximately 32 by
present IEEE‘-standards. This amounts to 1.0 volt for a 28V system, 4,0V for a
120V system, or 8.0V for a 270V system.‘This 32 rule=of-thumb is only a
guideline for gemeral design purpose. In practice, allowable voltage drop
will vary over a considerable range, depending on the fower supply voltage
variation tolerance at the equipment terminals. For the selected harnesses
the allowable voltage drop was specified to be equal to that allowed in the

present 120 VAC harnesses.

For this study's designs, single positive leads and structural ground returms
were ugsed in metal airframes, while positive leads and ground return
conductors were used in composite agirframes (?xcept for harness W2343, to be
discussed later in this section). Metal airframe ground return paths usually
have sufficient cross—-section to result in negligible voltage drop; hence,

allowable voltage drop is conswed by the single positive lead. For a two
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conductor DC system, each conductor will consume half of the total allowable

voltage drop.

This fact suggests an area of investigation for composite airframe electrical
equipment designers. The use of present power supply voltage drop guidelines
(3%) will result in increased conductor weight penalties due to voltage drop
frequently being the controlling parameter in two wire system wire sizing. By
increasing the recommended voltage drop (up to around 4 to 6% maxiwmum)

between the source and the load, this weight penalty can be avoided.

As mentioned earlier in this section, harness W2343 has been designed as a
two wire system in both metal and composite airframes., This is due to two
factors in the harnmess requirements: (1) the harness is unusually long (90
feet) compared to an average (approximately 50 feet) for the E-3A, (2) the
using equipment has unusually stringent requirements for a "quiet"
(essentially transient-free), constant~level power supply. The use of

structure for the current return will therefore not be used for this harmess.,

21
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" 3.3.4 Summary of Harness Requirements

W0294: From #1 genmerator to firewall (W0322)
; Ampacity: 277.8A (@ 270V DC) :
' Ambient Temperature Range: =409C to +215% 1
l Allowvable Voltage Drop: None Specified
[ Remarks: Frequent course deviations around engine

W0322: From firewall (W0294) to E~15 distributiom rack

Ampacity: 277.8A (@ 270V DC)

Ambient Temperature Range: 0% to +105%

Allowable Voltage Drop: None Specified

Remarks: Intermittent exposure to exterior requires abrasion sleeving;
i because of connector contact size limitation, parallel

- circuits are required through firewall.

W0844: From E-16 distribution rack to LCS pump in left wheel well
Ampacity: 74.0A (@ 270V DC)

Ambient Temperature Range: -40% to +105%

Allowable Voltage Drop: 6.0V

Remarks: Abrasion sleeving required in wheel well area

1 W2343: From FWD CB parel to ccmmunications cabinet i
Ampaciry: 16.7A (@ 270V DC) o :
Ambient Tsmperature Range: 0°C to +37 ¢C .
Allowable Voliage Drop: 2.0V |
Remarks: Structural ground return unacceptable in metal airframes '

W0708: From M708 on El6 rack to P6l-l CB panel
Ampacity: 3.7A (@ 270V DC) o

Ambient Temperature range: 0°C to +37%
Allowable Voltage Drop: 1.0V

Remarks: None

22
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3.4 Round Wire Replacement Harness Designs

The round wire replacement hafnesses vere designed by conventional methods,
using sources such as MiL-W-SOSBH, MIL~W-25038, Boeing Documents D-7900,
Boeing Design Standards and Materiels Specifications. As mentioned
previously, one positive lead with structural ground return was used in mectal

airframes, and two-wire harnesses were used in composite airframes.

The requirements for shielding are dependent on a large number of factors:
(1) The type and level of EM threat, (2) the type of equipment and its”
associated sensitivity to power supply transients , (3) use of optionmal

methods for EM threat control.

Lacking specific information on the airframe and the 270V DC electrical
system, much generalizing and assuming was necessary. It was assumed that the
metal airframe was continuous and provided all necessary shielding except in
two areas: (1) the generator feeders (W322) in the leading edges of the wing
are exposed during extension of the leading edge slats as well as through
apertures in rivetted areas of the wing skin, (2) harnesses to the LCS pump
(W844) in the left wheel well would be exposed when the landing gear is
extended or through apertures in the wheel well doors. Harnesses in these

areas require both electromagnetic shielding and abrasion resistant sleeving.

It was assumed that harnesses in composite airframes would categorically
require 1002 shielding, although shielding requirements would depend on the

three factors mentioned earlier in this section and its use could probably be

23
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eliminated in some cases.

Where round wire shielding was required, conventional braided wire shielding
(Federal Specification QQ-B-575) was used. This would be used ir metal
airframes, but other methods might be used for shielding round wire in
composite airframes, such as metal-lined raceways. As the design variables
for wer,at and cost would be distributed among several harnesses in a metal
lined raceway, braided wire shielding was used on round wire harnesses in
composite airframes only to be representative of shielding weight and cost.
It should not be concluded from this design study that braided wire shielding
is the only acceptable method for shielding of round wires in composite

airframes.

In addition to the shielding requirements assumptions, it was assumed that
source or load equipment cases in high EM threat areas possess sufficient
electrical isolation from composite skin/structures, Shield terminations were
designed to remain electrically isolated from composite skin/structures
except in low EM threat areas where a shield termination to structure is
provided., Shield terminations are 360%at a connector backshell or terminal
interface with low impedance pigtails to structural ground, where provided.
Connection of shields to circuit ground were assumed to be oaly in low EM

threat areas.

Schematic diagrams of the replacement round wire harnesses in composite
sircraft are given in Figures 3.4.1 through 3.4.4. The schematics for metal

sirframes are givenm in Figures 3.4.5 through 3.4.8.
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3.5 Flat Cable Replacement Harness Designs
3.5.1 Flat Cable Conductor Sizing

The sizing of flat conductor replacement harnesses followed the criteria
given in Section 3.3.3 for conductor temperature and allowable circuit

voltage drop.

The conductor temperature is a direct function of the square of the current
flowing in the conductor. A4 steady state energy balance on a single insulated
conductor free standing in air yields the equation:

(12)(R)(R) = (B)(A)(AT)

where

I = Load Current, Amps

Conductor Electrical Resistance, OHMS/FT

= A Conversion Constant, BTUS/WATT

Heat Transfer Coefficient, BTU/HR FTZF

R
K
H
A = Surface Area of Conductor, FTZ/FT

AT = Temperature Difference Between Conductor v

and Ambient,or

(The development of this equation is given in Appendix B)
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i
‘ Round W/T = 150 W/T = 200
Wire X-Section lyigth | Thickness | Width Thickness
4 o In In, In. In. In,
30 .0000880 0.115 .000766 0.133 .000663
28 .000137 0.143 .000956 0.166 .000828
26 .000239 0.189 .00126 0.219 .00109
24 .000373 0.237 .00158 0.273 .00137
22 .000592 0.298 .00199 0.344 .00172
20 .000955 0.378 .00252 0.437 .00219
18 .00149 0.473 .00315 0.546 .00273
16 .00191 0.535 .00357 0.618 .00209
14 .00301 0.672 .00448 0.776 .00288
12 .00461 0.832 .00554 0.960 .00480
10 .00735 1.050 .00700 1.212 .00606
8 .0133 1.412 .00942 1.631 .00815
§ | .0211 1.779 .01186 2.054 .0103
3 .0335 2.242 .01494 2.588 .0129 j
2 .0522 2.798 .01865 3.231 .0162
1 .0642 3.103 .02069 3.583 .0179
0 .0821 3.509 .02340 4.052 .0203
2/0 .104 3.950 .02633 4.561 .0228
3/0 .131 4.433 .02955 5.119 .0256 ¥
4/0 .166 4.990 .03330 5.762 .0288 g
4
’j
]
A
TABLE 3.5.1.1 J
FLAT DIMENSIONS FOR EQUIVALENT CROSS SECTION ]
TO CONVENTIONAL SIZE ROUND WIRES »
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The heat transfer coefficient is most strongly a function of the mode of
transfer, i.e., free convection, forced comvection, conduction, amnd/or
radiation, It is also a weaker function of the pressure and temperature-
dependent physical properties of the transfer medium (air) and wire geometry

(flat or round).

Dimensions for flat comductors with width-to~-thickness ratios (W/T) of 150
and 200 were calculated based on equivalent metallic cross sections of
military standard AWG round conductors. These dimensions can be seen in Table
3.5.1.1, Current capacities for the cables were calculated via a computer

program for the variables:

Ambient temperatures -50, 150, 250, 350°F
Conductor Temperature Rise - 50, 100, 150%
Altitude ~ 0 to 80,000 feet

Conductor Material = Copper or Aluminum

Development of the equations and Lhe computer program can be seen in
Appendix C,

The output of the computer program was used to coustruct graphical
representations of the temperature rise of the conductors versus load curreant
for the range of variables mentioned above. Aside from the expected increase
in current capacity of £lat cables due to am increase in surface area for

hest transfer, an interesting phenomenon was noticed.

This phenomenon is the existence of a high ambient temperature apprecistion

35




NADC-82023~60

factor for flat cable current capacity. For all materials used for wiring
conductors, increased temperature causes an increase in conductor resistance.
At sufficiently higher temperatures, this increased resistance causes a
requirement for reduction of current carrying capacity of round conductors as
evidenced by note 1 to paragraph 6.5 of MIL-W-25038. The essence of the flat
cable high ambient temperature appreciation factor is that the positive
effect of increased radiation heat transfer more than offsets the negative
effects of decreased free convection heat transfer and increased resistive
heat generation. The net result is that for constant conditions of
temperature rise and load current, the overall heat transfer rate from £flat
electrical cables (W/T = 150) becomes more effective as ambient temperature
increases. It should be noted that an overall thermal radiation emissivity of

0.6 or greater is assumed for these calculations.

The graphical representations of the flat cable current capacity and voltage

drop computer programs are given in the design guide (Sectiom 4) of this

report.

3.5.1.1 Flat Cable Transient Overload Considerations

Power supply surges will frequently occur during start-up of equipment, such
as in an electric motor and other equipment which requires a dymamic
inductive balance to impede excess current flow, and during switching of
large loads. Voltage or current “spikes” will also occur due to coupling of
intense electromagnetic fields such as nuclear electromagnetic pulse (NEMP)

and nearby lightning strikes. These power supply surges or spikes are usually

referred to as transients.
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For the conductors which must carry these transients, it is a requirement
that the transients do not cause excessive heat damage of the harness., Damage

to harnesses is almost always to the insulation material on the conductors,

Steady-state maxi&um insulation temperature ratings are not step functionms,
i.e., a few degrees of overheating will not instantaneously debilitate the
insulation, Instead, Fhete is.a gradual increase im decomposition rate as the
temperature increases. As an example, Kapton @ Type H-F insulation is rated
for continuous operation at 200°C, but can be operated as high as 275°C for a

period of several hours before significant damage results.

The heat generated by a transient is a fpnction of the transient current 3
squared, and the rate of heat dissipstionm is a function of the surface area.
since flat cables (W/T = 150) have about 6.9 times greater surface area than
same size round wires, then the square root of 6.9 yields the increase in
transient capacity of 2.6 times for flat cables versus the same size round

wire,

To sllow for the simplifying assumptions in the above paragraph, the f
conservative design parameters used for flat cable transient capaéi:y vere
2.0 times the capacity of round wires for single conductors, sad 1.5 times
the capacity of round wires for stacked flat pairs. A chart for flat cable
transient capscity is given as Figure 4.5.33 in the design guide (sectionm

4.0).

For stacked flat cables, thexs might also be an inductive separation force
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that would limit the allowable magnitude of a transient current. As this
would depend on the cable comstruction details, the value of this limit could

not be determined for this study s replacement harnesses.
3.5.2 Flat Cable Replacement Harness Shielding Requirements

The wide, flat form of flat cable "stretches out" the electromagnetic field
lines concentric to the axis of the conductor, Hence, the intensity of the EM
field around the conductor falls off more rapidly with distance from the

conductor than with similar size round wires (see figure 3.5.2.1).

One result of this faster decreasing field is a reduced threat of coupling of

flat cable harness EM emissions to adjacent circuits,

Using action-through=a-field coupling councepts (i.e., incident fields act on
conductor fields, which propagate back to the cables), it can be stated that
the coupling of a given incident EM field would be less to a flat conductor

than to a similar size round wire.

In the case of a two-flat-conductor DC system where the separation between
the conductors is quite small, there is a relatively large distributed
capacitance compared to round wires which attenuates AC signals above a

certain frequency.

In consideration of the above arguments, it can be said that flat conductors
have a better performance than round wires vhere aircraft electromagnetic

problems are considered (EMC, EMI, and EMP).
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"ROUND
WIRE

WITH
CURRENT
I

MAGNETIC FIELD LINES
AROUND CONDUCTOR

FLAT

CONDUCTOR
WITH
CURRENT

I

FIGURE 3.5.2.1

MAGNETIC FIELD LINES NEAR
FLAT VS ROUND CONDUCTORS
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In an airframe which utilized flat power cable exclusively, the frequency of
harnesses requiring shielding would be less than in the same airframe with
round wire power harnesses., Lacking specific d;tails of the airframe
construction and the requirements of the replacemeht harness utilizing
equipment, it is not possible to distinguish fiat cable harnesses which do
not require shielding from those that do. For our replacement harnesses,
shielding was utilized on flat cables in exactly the same élaces as with the
round wire harnesses., It should be noted that this practice does not

adequately reflect the reduction in shielding weight that would occur with

flat power cable usage.

An attempt was made to use braided wire shielding (Federal Specificat;on
QQ=B=575) on the flat power cable, It was later discovered that the increase
in surface area caused an increase in the shield diameter and an associated
severe weight penalty, The method finally settled on for shielding consisted
of strips of reinforced foil wound in opposite directions around the
conductor with small gauge drain wires at either conductor edge. As with the
round wire shielding requirements (Section 3.4) this shielding method may not
be the ultimate choice, and the associated weight and cost of shielding for

the flat cable harnesses in this study are again representative,

Abragsion sleeving was used for flat cable in the same locations it was used
for round wire. Unlike the shielding, there was only a slight weight penalty
associsted with using round wire sleeving on the flat cable, and was

therefore counsidered accaptable,
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3.5.3 Flat Cable Replacement Harness Configuration Optimizing
3.5.3.1 Width to Thickness Ratio Selection

This study was to consider width to thickness (W/T) ratios in the range from
150 to 200. We do not recommend going above a W/T of 150. The reasoning for

this is quite straightforward.

From the computer calculations mentioned in Section 3.5.1, it was observed
that when all other factors were equal, a change in W/T from 150 to 200
resulted in an increase in current capacity of from 5 to 10Z. This small a
change would probably not cause a downshift from one flat cable standard size

to the next, so no weight savings would occur in most cases,

Assuming that weight savings would be the only potemtial bemefit from the
increased W/T, and since this benefit does not develop in nost cases, the

penalties far outweigh the bemefits:

a. The larger W/T results in a 16% increase in width, a severe space and

routing penalty.

b. There is an 18% decrease in thickness, which is a further hazard to
mechanical strength and vhich adds difficulty to the wire manufacturing

procass,

Perhaps, in the fucure, wvhen the standard sizes and manufacturing methods for

flat cable have been more completely investigated, it can be shown to be
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feasible to use larger values of width to thickness than the 150 used for

this study™s replacement designs.
3.5.3.2 Two Wire Systems Layout Selection = Stacked or Side-By-Side

Configuration of the two wire flat cable runs can take one of two forms:
conductors placed "side by side", or "stacked" one above the other. In
the"side by side" configuration, the advantages are as follows: Thermal
dissipation is not impeded as it would be in a "stacked" configuratiom, also
termination to a terminal block over that of the "stacked" configuration is
simpler. The disadvantage: greater susceptibility to damage, occupying more
room in the aircraft, larger clamps for attachment, resulting in a heavier
and more costly installation, negligible capacitance, hence no filtering

effect during nearby lightning strike or nuclear EMP conditions.

In the "stacked" coufiguration: Advantages —— The filtering capability is
incrgased due to the increased capacitance between conductors. Also, this
configuration requires less space. Disadvantages —— Termination requires more
complex terminal blocks or special connectors, and thgrmal dissipation is not

as efficient.

When the filtering capability is lost by placing the comductors side-by-side,
the incidence of harnesses requiring shielding increases., Due to the increase
in shielding weight that would occur, the side-by-side configuration was not

used in this study s replacement designs.

—
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3.5.4 Flat Cable Insulation Selection

One insulation system chosen for the replacement harnesses is a combination
of FEP and polyimide. This combination is in current ugse on a large
percentage of military flight-equipment wiring. It is an excellent system in
terms of all phases of performance. It is very tough, resists heat, light,
chemicals and other environmental hazards, has a relatively low density and
high electrical resistance properties, In addition to these factors, the
current method of manufacturing for round wire would probably be easily

adapted to flat cable manufacture.

This round wire method consists of the following:

a, A thin (0.1 to 0.5 mil) film of FEP is bonded to a thin (1.0 mil) film of
polyimide, on one or both sides. This film is then cut into long strips,

approximately 1.0 inches wide.

b. These strips are then wrapped onto the wire in several layers, each layer ]

wrapped in a different direction.

¢c. The layers are then formed together under high heat and pressure to give @
consistent insulation along the length of the wire. This method would be
easily adapted to flat cable by simply laminating the conductor with the
layers of tape. It would probably nmot be necessary to wrap the tape, instead
it would be sufficient to layer the strips parallel to the conductor with an

overlap at the conductor edge.

These details would best be worked out with a cable manufacturer. For the

43
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purposes of this study”s design, we will use a total insulation thickness of
6.0 mils, which would contain equal quantities of FEP and polyimide. This
insulation would be sufficient for the usual 600 volt rating given in most
military specifications for round wife. This insulation would have a specific

gravity of 1.78 and a temperature rating of 200 %.

There are some drawbacks to this type of insulation. The material is
expensive compared to other insulators in its class. Also, it is tough enough

to possibly give some problems in stripping.

The FEP-PI insulation was used on all replacement harnesses except W0294 in
the engine compartment. FEP-PI's temperature rating of 200% would be
insufficient in the engine compartment area (ambient temperature = 215 %),
For W0294, Tetra Fluoroethyleme (TFE) was used, with a temperature rating of
260%. It is anticipated that this insulation would be difficult (therefore

expensive) to apply to flat cable.

Cost estimates from various manufacturers were in the range of 30% greater

for flat cable than the same size round wire with a similar insulation.
3.5.5 Termipations and Splicing of the Flat Cable Replacement Harnesses

For this study™s harnesa designs, only existing off-the—shelf hardware or
existing technologies were used. The reasoning was that the deficiencies in

the state-of-the—art would be exposed in the comparative analysis and this

would aid prioritizing areas of flat cable usage requiring development.
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One area vhere aerospace usage of flat cable is deficient is terminals. For
the harness designs, a transition terminal block was used for interfacing
vith round wire connectors where required. See Figure 3.5.5.1 for a typical
example. The terminal blocks were not used for the firewall connector due to
a high weight penalty, so the guideline of staying close to the
state—-of-the-art had to be departed from for the firewall conmector. The
design of the firewall connector would be similar to the connector shown in
Figure 4.8.1 of the design guide. Splices were considered to be currently
available by using Amp, Inc. Termi-Foil splices. A typical Termi-Foil unit

can be seen in Appendix C.
3.5.6 Methods of Providing Slack in Flat Cable Harnesses

Slack is required in any aircraft harmess for the following ressons:

1, Allowance for cable retermination (usually 3 retermimations during a

harness” lifetime are required),

2. Allowance for length change due to airframe flexing.

3. Allovance for thermal expansion/contraction of the airframe and the wire

harness.

The following methods of providing slack have been considered and evaluated

(See Figure 3.5.6.1):

a, A flattened "U" bend.

46
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b. An accordion configuration.

c. An "S" bend, which is an enlarged accordian with only 2 direction changes,

d. A spring loaded plastic roller, around which the flat cable could be

vrapped and dispensed from.

v, €
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The advantages and disadvantages of the above four areas are shown below:

a. Merits: Lowest profile
Risks: Larger surface required, possibility of work hardening

at the folds.

b. Merits: Lowest total space penalty

Risks: Excess could "flop around” and become damaged.

Ce. Merits: Easiest to construct

Risks: Excess could "flop around" and become damaged.

d. Merits: Cable remains moderately taut.

Risks: Cost and weight penalty of extra device.

Out of these possibilities, #3, the accordion configuration, is comsidered
the best overall performer, followed by numbers 4, 2 and 1, in ojder of

decreasing performance,

The accordion configuration will be utilized in this study”s design, and the
spring loaded roller should be considered at a later date for future

development.
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3.5.7 Flat Cable Identification Methods
3.5.7.]1 Significant Identification

The following parameters are of significance when identifying flat cable:

a. Conductor material (copper or aluminum)

b. Conductor plating (if any)

c. Conductor size

d. Width to thicknmess ratio

e. Insulation material

f. Temperature rating

g. Voltage rating

h. The circuit number assigned to a harness omn an

engineering drawing

3.5.7.2 Methods of Identification Coding ~

Current military practice for information coding of items (a) through (g)

above (for round wire) usually comsists of referring to a specification which
details all items except item (c), conductor size. It is anticipated that 3
item (d), width=to=thickness ratio, will become constant at 150; this would 5

also be fixed by the specification number,
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R The designation of the size of the conductor could be based on an equivalent

system of round wire AWG numbers.

3.5.7.3 Physical Attachment of Codes

A wide range of physical identification methods are avaiable, such as color

coding, stripes, adhesive labels, imprinting, and hot stamping.

This study's flat cable replacement harnesses shall utilize the last two
methods, as the tools and procedures are most used, the methods are easily

adapted to flat cable, and the tools would require little modification.

Items (a), (b) and (d) to (g) from 3.5.7.1 would be represented by a MIL SPEC
number and would be imprinted at the time of cable manufacture. Item (c)

would be represented by an AWG equivalent gauge number and imprinted at the 1
time of cable manufacture. Item (h) would be represented by a series of

letters and/or numbers taken from engineering drawings. These would be hot 1

stamped prior to installation. All markings would be repeated at 15 inch
intervals, except near the ends. The markings for item (h) would be repeated .

at 3.0 inch intervals for 2.0 feet at the harness ends.
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3.5.8 Methods of Clamping and Supporting Flat Cable

A conceptual design for a high temperature clamp is shown in Figure 3.5.8.1.
A lov temperature clamp would be similar in design, the differences being
that the metal frame could be replaced with nylon and the silicone cushion

could be a neoprene material.

As shown, attachment of clamps could be with screws to a metal structure or

adhesives to a composite structure,

3.5.9 Flat Cable Replacement Harness Design Summary

The harnesses are shown schematically in Figures 3.5.9.1 through 3.5.9.8.
Installation illustrations are shown in Figures 3.5.9.9 through 3.5.9.12. The
installation route for the flat cable is essentially the same as for the
round wire replacement harmesses, The length of the flat cable harnesses is
increased slightly due to the longer path of travel for the right angle
bends. (Approximately 2 inches per bend).

3.5.10 Flat Cable Installation Methods

General installation methods are covered in Sectiom 4.9 of the Design Guide.

52
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» Flat Conductor Cable

g AR

Clamp-Assembly

- em  em e e wmm . e

Screws Fastening to
Metal Structure

Epoxy Adhesive to

Silicone Composite Structure

Cushion

Lower Clip-Springy
Matl. Cres. Steel
or Bronze

FIGURE 3.5.8.1

HIGH TEMPERATURE - CLAMP ASSEMBLY
FLAT CONDUCTOR CABLE
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£15 POWER DISTRIBUTION RACK

SLACK FOR RETERMINATION
PRESSURE SEAL

SLACK FOR
AIRFRAME
EXPANSION/CONTRACTION

W

w0322 NQ. 1 GENERATOR FIREWALL TO E15 RACK
POWER CABLE (278‘A)
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SPLICE
2CU/1 AL

HIGH-TEMPERATURE
ENVIRCNMENT

FIREWALL PENETRATION

SPLICE
1Cu2cy

w0294
NO: 1 GENERATOR TO FIREWALL
POWER CABLE

(278A)

Figure 3.5.9.9 High Ampacity Flat Cable Fsp/acement Harness Installation
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Figure 3.5.9.10 Medium Ampacity Flat Cable Reolacement Harness Installation
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3.6 Replacement Harnesses Round Versus Flat Conductor Comparative

Apalysis

3.6.1 Harness Weight Comparisoms

Tabulation of the weights of each component for each harness in the differemnt
sirframes can be seen in Appendix C. Following the tabulation sheets,

estimates of non-existent flat cable components are given.

The results show a favorable weight effect for the use of flat cable versus
round cable for runs greater than approximately 15 amps. Figures 3.6.1.1 & 2
show a summary of the effects in tabular and graphical form, respectively.

Table 3,6.1.3 shows the weight of the existing AC system harnesses,

The exact current rating where the decrease in cable weight exceeds the
increase in component weight should not be taken directly from Figure 3.6.1.2
due to the different characteristics of the 16,7 amp run. One of the
differences of this run is that it is unusually long; this requires the
couductor to be larger to avoid an excessive voltage drop. The other major
difference is that it is a two wire run in both metal and composite aircraft.
This is also for voltage drop comsiderations due to the large number of
riveted areas in the structural return path of this run. Due to these
differences, the crossover current rating for the average runs found in most

aircraft would be closer to 10 amps.

In a generalized summary, if the total E-3A power distribution system was

66
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converted to flat cable a significant weight savings would result., The E-3A

aircraft which contains the baseline wire harness assemblies contains 9

X}

approximately 1,000 wire harnesses or cables with a total weight of 5,685

pounds. The power distribution system weighs 2,929 1lbs of the 5,685 1lb total
weight., If from the Figure 3.6.1.2 graph a 30% average weight savings figure
is taken the weight saved for each E-3A aircraft would be on the order of 880

lbs,

This weight savings of approximately 30Z is based on conservative design
estimates with state-of-the-art flat cable and components. It must be
re~emphasized that flat cable is at a disgdvantage due to the lack”of
developed components., Also, the weight that will be saved by reduced
shielding usage is not reflected in this study. It is anticipated that flat

cable weight savings can be enhanced to at least 40X, and possibly 50%, with

relatively minimal investments in component development. ﬁ
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FIGURE 3.6.1.1
EXAMPLE REPLACEMENT

HARNESS WEIGHT SUMMARY

HARNESS WEIGHT, LBS
HABNESS
CURRENT METAL COMPOSITE
RATING, AIRCRAFT AIRCRAFT
D. C. AMPS
rce ROUND % CHANGE FCC ROUND % CHANGE
278 20,7 27 .4 +2.5 42.0 52.7 +20.3 ‘
.
74 7.0 9.9 +29.3 14.5 22.3 +35.0
16.7 12.9 13.9 +7.2 16.1 17.1 +5.8
3
3.7 1.29 92 | =~40.2 2.08 1.99 -4.5 3
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FIGURE 3.6.1.3

EXISTING 115/200 VAC SYSTEM WEIGHTS
(INCLUDING WIRING, CONNECTORS,

SPLICES, CLAMPS & SUPPORTS)

HARNESS WEIGHT,
DESIGNATION L3S

w029 \\ 78.25

w0322

Wo844 16.53

W2343 14,4 (estimate)
w0708 3.66
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L

3.6.2 Harness Reliability Comparisons

Reliability analyses usually involve a statistical treatment of available

: failure data on the equipment being analyzed. Due to the infancy of flat
pover cable, there is no failure data available.

Reliability predictions were performed using MIL~HDBK-~217C. The calculations
can be reviewed in Appendix D, and a summary of these results can be seen in

Table 3.6.2,.1.

For comparison purposes, available failure data for the E3=-A was examined.

| Due to the relatively low failure rate of aircraft interconnects hardware,
extensive records of interconmmects failures are not available. The records
that are kept are comprised of broad gemeral grouping of interconnects

hardware rather than data on each individual harness,

It was desired to pick a rough service enviromment for the chosen data group.
The reasoning for this was to provide an upper limit for the failure rate
predictions, i.e., a worst case comparison. Of the available E-3A data
groupings, the engine area was considered to be the roughest emviromment, due
to high temperature, high vibration and frequent maintenance activify on the

engines.

This data group, work unit code (WUC) 42AZ0, is shown in Table 3.6.2.2.
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TABLE 3.6.2.2

RELIABILITY AND MAINTENANCE
DATA FOR ENGINE CONNECTORS
(WOC 42A20) (1/77 TO 12/77)

Total # Of Average
Connector Devices Maintenance
Failures Per Work Manhours

Unit Code | Per Failure

68 40 3.61

The following is the operational statistics on the E=3A from 1/77 to 12/77

No. Acft. 17

Flying Hrs. 30948
Flt Hours/Sortie 7.08
Flt Hours/Landing 2.39

Utilization 67 .42 (Flying Hrs/Acft/Month)

Total connector failures includes incidental damage, support hardware
failures and equipment operation failures, Only equipment operation failures
are covered by MIL-HDBK 217C. For comparison to MIL~-HDBK-~217C, the total

number of comnector failures had to be sanitized as follows:
SANITIZED FAILURES = All failures ~ incidental
damage, loose bolt-nut-screw, missing safety

wire, etc.

The results are as follows:

Unsanitized Failures = 68
Sanitized Failures = &




B
z
!

J e 2

NADC-82023-60

The calculation of the average sanitized conmector
failure rate is as follows:

4 Failures WUC 42420 .lQ? F1lt Hrs
Flight Hrs 40 Connectors 17 Aircraft

= 0,190 Failures per conmnector per 106 Flight Hours
Unsanitized Failure Rate =
3.23 Failures per Connector per 105 Flight Hours

The sanitized failure rate for WUC 42A20, engine connectors, is only

approximately double the predicted failure rates given in Table 3.6.2.1 This

is due to the worst case comparison mentioned earlier in this section.

Data similar to that given in Table 3.6.2.2 is available for the engine
wiring, but it would be extremely difficult to reduce the data to a
meaningful number for individual wires, A figure sometimes used to indicate
the significant failure rate for individual wires has been stated to be ,003
failures/logflight hours (taken from a recent feasibility study similar to

this one).

It is reasoned that the relatively low failure rates of aircraft wiring is
due to the passive and benign nature of the service that wires are intended
for. Since the sanitized failure rate of connectors consists of only
connactor operation failures, it seems likely that a sanitized failure rate
for wires would be low, Bowever, an unsanitized failure rate (including
incidental damage) for wires might not be 80 low, as wires are subject to
asbrasion from nearby equipment, abuse resulting from personnel traffic or

other activity near the wiring, being struck by projectiles, etc,

It is assumad that the ratio of unsanitized failures to sanitized failures
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for round wiring would be equal to the same ratio for connectors:

For counectors,

Unsanitized Failures 68
5 esseses & 17.0
Sanitized Failures 4

Therefore, for wires

(Unsanitized Fsilure Rate) = (17,0) (Sanitized Failure Rate)

or

Unsanitized Failure

= (17.0)(0.003)

Rate of Wires

= ,051 Failures per Round Wire per 109 Flight Hours
For the flat cables under consideration im this study, it seems likely that
the flat cable would be more susceptible to inciden:alldamage from
projectiles such as drill bits, flyimg rocks, falling hardware or tocls,
etc., due to the broader profile of the flat cable and an inflexibility inm
the plane of conductor width., Assuming that the frequency of a cable being
accidentally struck is a function of the surface (or target) area, then the
frequency of flat cable strikes would be 6.9 times greater. The inflexibility

of the flat cable would more often result in significant damage than with

round wire, which could rebound from a projectile.

For the purposes of a fair evaluation, assume that this inflexibility would
incresse the significant damage rate by a factor of five. Thus for flat

cables, the unsanitized falure rate would be
(.051)(6.9)(5) = 1.76 Flat Cable Failuresllog Hrs

In summary, although flat cable failures would be more frequent than round
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wire failures, the impact on the overall harness failure rate would be
negligible due to the much higher failure rate of conmectors, This fact will

be demonstrated in terms of dollars in section 3.6.3. The final failure rate

predictions for the example harnesses are shown in Table 3.6.2.3.
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3.6.3 Maintenance Comparisons

Maintenance cost figures for the round wire harnesses can be calculated from
the failure rate and maintenance manhours per failure data in the reliability

. section of this report,

However, for the flat cable harnesses which have been designed, the average
maintenance manhours per failure figure for round wire may not be accurate

when applied to flat cable failure repair.

The following tables illustrate the causes of the failures on the subject

aircraft interconnects hardware listed in the reliability sectiom of this

report,
Table 3.6.3.1
Causes of Failure and Percent of Total Failures
Due to Each Cause for 21 Reported Wiring Failures
on the Subject Aircraft,
Cause: %X Due to:
Broken or Damaged 19.0
Conductor
Chapped, Frayed, Cracked, 28.6
or Worn Insulation
Loosened Support 4.8
Improper Maintenance 47.6
Procedures
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Table 3.6.3.2 ;

Due to Each Cause for 68 Reported Comnnector Failures !
on the Subject Aircraft.

Causge:

X Due to:

Loose or Missing Support
Hardware

Loose or Improperly
Mated Connector

Contacts Defective

Dirt or Other Foreign
Matter in Comnector

64 .7 1

29.4
2.9

1.4

Of the causes listed, the only failure type where maintenance procedures

would be significantly different

the conductor itself. This amounts to 192 of all wire failures. Current
practice for conductor failures almost always requires a

removal/reinstallation procedure,

The 192 figure for percent of wire failures due to conductor damage will be

assumed constant for flat versus

The decision to remove and replace a harness for repairs rather than in-place

repairs is based on two factors:

a. Accessibility

(1) Limited work space due to surrounding structures.

(2) Sleeving and shielding, when present, limit the

between flat and round cable is damage to

Ao B i

round conductors.
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accessibility of the insulated counductor,
b. Ability to use required tools and procedures aboard a fueled aircraft.

The current procedure for round wire conductor damage repairs is as follows:

i. Unclamp and free terminals or connectors from their mating points.
ii. Free the conductor from its support clamps.
iii. Lift out, drop or pull the conductor through routing passages

and dispatch to a repair facility workshop.

iv, At the shop, the expandible, braided sleeving and shielding (if present)
is pulled back to expose the damaged area. Depending on the type and

extent of damage, the conductor is spliced and reinsulated, the 1

shield and sleeve replaced, and the cable returned for reimstallation.

This procedure could not be used for flat cable for two reasons:

C. The stiffness of the solid conductors and the permanent folds used
for routing would make complete harness extraction difficult

in most cases.

de The creases would tend to bind or block the sleeving or shielding

during pull back.
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Flat cable maintenance tasks ca the conductor would require either repair
procedures that could be performed aboard a fueled aircraft or a complete

renewal of the harness when. the damaged cable is cut out of position.

It is considered possible and reasonable to develop repair methods and tools
for in-place repairs of flat cable. The decision to either repair a harness
or to remew it should be based on the cost of developing the required methods
and tools versus the savings to be achieved by repairing rather than

renewing.

Estimates of the times required for in-place repairs as well as complete
harness renewal can be reviewed in Appendix E, as well as cost estimates for
maintenance procedures on the high and medium ampacity harnesses, The results
of these estimates can be reviewed in Table 3.6.3.3

Table 3.6.3.2 Summary of Maintenange Comparative Analysis -
Maintenance Costs/10° Flight Hours

Cost, $/105 Hr
Harness Metal Composite
Current Airframe! Airframe
Rating
Round Wire 277.8 6.3 9.0
Repair 74.0 4.0 5.6
Flat Cable 277.8 6.4 9.3
Renewsl 74.0 4.1 5.8
Flat Cable 277.8 6.9 9.2
In~Place Repairs* 74.0 4.4 5.7

*Does noé include cost of required tools and methods,
In summary, the very low failure rate of wires as compared to connection

interfaces result in negligible maintenance costs due to the wires, Evem with
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) a very generous increase in the flat cable failure rate compared to the round
wire failure rate, the maintenance costs for conmectors, crimps and terminals
remains the controlling factor. The higher costs for repairing a flat cable

; harness in-place when the conductor is damaged would be of questionable value

even without the costs of methods and tools development. Therefore, when flat

cable conductor damage is encountered, it would be most cost effective to cut

out the entire harness and replace it with a new one.

The higher maintenance costs for flat cable harnmesses is due to the i

additional interfaces at the transition terminal block. With the development
of a one piece transition commector, the maintenance costs for flat cable

harnesses should be equal to the round wire harness maintenance costs.
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' 3.6.4 HARNESS COST COMPARISONS

3.6.4.1 Cost Analysis

This analysis includes an assessment of costs of acquisition and ownership
for a flat cable power distribution system. The analysis conducted and the
data provided are baselined to the existing wire harness assemblies W0322,

W0294 , WOB44, WO708 and W2343.

This cost analysis includes acquisition cost elements involved in producing
flat cable harnesses in a modern production and manufacturimg facility.

A starting point in a 1ife-cyc1;~cost analysis is the identification of a
cost structure appropriate for the task and rela:ed\objectives. A cost
breakdown structure was assembled and iterated throughout this effort, This
report addresses three major elements of a typical program as a cost analysis
framework. These are Production Set~-Up, Manufacturing, and Operation and

Support. ' b

In order to addmss the subject of life-cycle=cost in a realistic manmer an
important fact must be recognized by the reader. The present contract is a
"paper study” only, where no herdware is developed and no shop or
manufacturing experience can be established. Consequently, the production ’
set-up, manufacturing and operation and support elements included in this
report are predictions based on the concept of a low production quantity of

flat cable power harnesses similar to that of the baseline wire harnesses, )
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This report will not attempt to predict with accuracy the cost variations of
the current flat cable technology nor the inflationary impacts of the future
on flat cable versus round wire materials. These effects could, however, be

applied to the base of the information contained in the report. ;

Production set-up costs, the non-recurring costs, are based on the concept of
a low production rate facility for yielding ecomomy from current equipment
and methods. Equipment costs are based on quotes or estimates of purchase

prices or upon engineering estimates.

Manufacturing costs, the recurring costs, relate primarily to the flow of

tasks and processes which dictate the greatest share of the cost of a harness

assembly.

Production and manufacturing cost estimates are based on a survey and
analysis of company experience in producing various quantities of wire

harness assemblies for both military and commercial programs.

The approach used was to correlate this experience.with similar tasks related
to production/manufacture of a £lat cable harness assembly and then to
provide engineering estimates of unique equipment, tasks or processes. These
results are supported by harness assembly cost model estimates and by gross

level cost factors established from direct experience on past and on—-going

company programs,

Operation and support costs analyses are based on history data on the E=3A

84

B PR,




NADC-82023-60

aircraft and an extensive history om four Navy sircraft, the S-3A, E-2C, P-3C

and EC-130G and Q.
3.6.4.2 Cost Breakdown Structure

A carefully planned cost breakdown structure is a basic and vital tool in
Design=to-Life-Cycle~Cost efforts, The cost breakdowm structure should
provide cost tracking for what, who and whén. That is, what the hardware or
software elements are, who contributes to tasks related to each element, and,
the timeframe established for accomplishing the tasks, A properly structured
cost breakdown structure will also provide visibility for improvements in
cost and performance and the structure for a useful history base, A simpliied
baseline cost breakdown structure was developed for this effort and utilized
as a guidline in collecting and analyzing cost data. This structure was
reduced to those elements of major impact. Some elements were eliminated or
altered to avoid an unreasonable expense of effort or to take advantage of
available data or established techniques in assessing or predicting costs.

The outline of this analysis reflects the final iteration.
3.6.4.3 Production Set=-Up Cost Analysis

The production set-up cost analysis will take into account all the
non~-recurring costs for a facility to mnnufacéare flat cable pover
distribution harnesses. It is based on the concept of & E=3A airplame being
converted to 270V DC flat cable distribu“ion system. The areas which are

addressed and the results of the cost analysis are as follows:
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Production Equipment Cost = 145,000
Production Facilities Cost = 230,000

Production Training Cost = 25,000
Total Non~Recurring Cost = $400,000
(1) Basic Equipment Requirements

A cost analysis for production set-up costs can be based on a number of
concepts. Production rates for the cost analysis will determine the quantity
and degree of automation of the equipment to be ivsed. For this cost analysis
production rates will be equaled to the E-3A aircraft. The type of facility
modification will also effect the cost analysis, The following are the

.

choices which are available,

Production Quantity: Low 300 harness/mo
‘ Medium 1500 harness/mo
High 3000 harness/mo

Facility Modification:

New Facility

Bxpand Existing Facility

The concept which will be used for this cost analysis, and which is felt to
be the most probable initial production of flat cable power harnesses will be

s wodification of an existing harness manufacturing facility with a low
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production rate.

The broad scope of this analysis is intended to provide an information base
for visibility and hence the estimates provided herein are of a rough order-
of-magnitude nature. These estimates do not include contractor fees or
escalation due to inflation. Escalation factors on purchased items is
préeently estimated at 4 percent per quarter. Production equipment cost is
shown in Appendix F Table 1 and indicated an initial non-recurring invest-

ment of $145,000.
(2) Facilities Requirements

Basic facilities accommodations will consist of normal lighting, ventilation
and heating with either normal height or raised ceilings. Air conditioning is
required in the potting, dry and cure areas along with possible exhaust
ducts. Approximately ten high capacity outlets need to be provided. Some

rough order—of-magnitude cost-estimating for facilities are given below:

Refurbished Facility
Without air conditioning - $45.00 per sq. ft.

With air conditioning - $60.00 per sq. ft.

These refurbishments include heat/ventilation/lighting, standard

electrical outlets and air drops.

The production facilities cost is shown in Appendix F, Table 2 and indicates

an initial non-recurring investment of $230,000.
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(3) Training Requirements

Two separate courses are recommended for personmnel for production of flat

cable power harnesses.

One course is a8 16 hour familiarization course which presents concepts and
relationships governing the application of flat cable technology. This course
will also émphasize critical care, handling, test and troubshooting aspects
of real hardware and will exercise student knowledge through mental and paper
exercises as well as through elementary tasks involving real hardware as
training devices. Some laboratory, manufacturing and test equipment will also
be demonstrated with student participation., This course will be designed for
supervisors, engineers, quality inspectors, and others whose basic
understanding is important to the evaluation and decision making processes

related to successful development and application of flat cable technology.

The second course is a 24 hour certification course design for manufacturing
personnel and technicians involved in development, test, installation and
handling. This course will have the same general content as the 16 hour
course with less emphasis on concepts and'rela:ionshipl governing the
applications of flat cable techmology. This course will also have greater
emphasis spplied to the critical care, handling, test and troublc’hooting -

aspects and will make extensive use of hardware training devices for

developing and verifying student understanding and physical skills.
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The production training costs are shown in Appendix F, Table 3, and indicate

a total of npproxinat‘ly $25,000.
3.6.4.4 Manufacturing Cost Analysis
(1) Process Flow

. In manufacturing, process flow manhours is the dominant factor related to
manufacturing costs. The tasks, steps and related timelines for the baseline
wire harness assembly have been estimated by finance and by mechanical and
industrial engineering specialists., Similar estimates have then been applied
to a planned flat ‘cable harmess assembly process with the addition of unique
steps and procesgses. Tables of task steps and associated timelines are

‘provided in Appendix F, Tables S through 9,
(2) Production Materials Cost Estimates

The materials cost estimates for the flat cable harness assembly and the
round wire harness assembly are shown in Appendix F. These estimates have
been established from Finance records of actual costs, vendor quotes where

available, and engineering estimates based on previous experience.
(3) Installation Cost Estimates

Estimates for the installation of the harnesses under counsideration are shown
in Appendix F, in Tables 10 through 13. The estimstes for the round wire are

based on established E-3A costs. The flat cable time estimates were derived

-
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| by visualizing the motions and installation steps which must be performed to
install the harness. Since hardware is not available rough estimates have
P been made assuming the technicians installing the harness are experienced in

flat cable handling procedures.

J.6.4.5 Operation and Support Cost Analysis

(1) Historical Data Base

A history base for estimating installation, operation, and support costs for
flat cable harnesses is extremely limited. A history base for wire harmesses

in military and commercial aircraft is also relatively limited.

(2) Operations Analysis and Predictioms

The E-3A aircraft which contains the baseline wire harness assembly contains

approximately 1,000 wire harnesses or cables with a weight of 5,685 pounds.

These are categorized as follows:

Power distribution systems 2,929 pounds
Flight essential systems 262 pounds
Mission essential systems 2,358 pounds
Instruments 136 pounds

! Total 5,685 pounds

J—

Yor comparison and estimation purmposes assume that flat cable
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harnesses/cables are used for all powver distribution applications. Further,
assume that s weight savings of 30Z is achieved by replacing round wire power
harnesses with the flat cable harnesses. This results in a total Qeight
savings'of 880 pounds per aircraft, A current estimate for fuel consumed
during the E~3A"s lifetime is approximately 495 $§ of fuel per pound of
aircraft, Flat cable usage would therefore save 435,600 dollars worth of fuel

per aircraft lifetime,

In referring to this fuel savings figure; an important fact must be
recognized by the reader. This figure is for a mili:;ry aircraft, where the
weight saved might be replaced with additional fuel. In this instance, the
use of flat cable would increase the mission range of the aircraft, The
pumbers given above are intended for comparison puiwmposes only, as shown in

Table 3.6.4.6.1.
(3) Spares, Repair Parts, and Inventory Estimates

In view of the relatively low rate of failure of wire harness/cable
assemblies the general Qpares policy for the E=3A aircraft has not included
spare harness/ cable assemblies. Spare parts and materials are maintained as

standard supply items by the Air Force.
The spare parts and repair material cost estimates are based on the cost

formula outlined in NELC report NPS 55J8 76031 and the recommended inventory

replenishment factor.
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Cost = (Inventory replenishment factor)

X (Unit production cost)
X (Quantity of Equipment)

= (0.05) x (any material + labor to build) x (1) = $/harness

i . Inventory management costs are likewise estimated based upon the cost formula

outlined in NELC report NPSS55Js 76031.

; (Inventory Cost Management) =

50 $/Haruess (Typical)

1 (&) Special Support and Test Equipment and Tools

1. Equipment and Tools

a. Pin insertion and removal tools 10 3,000

b. Crimping equipment terminal (1 power) 2 ea 5,250
(1 manual)

¢. Crimping equipment splicing (1 power) 2 ea 5,250

; (1 manual)
2, Support Equiment Maintenance

Cost = (maintenance factor) x (cost of peculiar | 4

support equipment) = (0.10)(13,500) = 1,350

3. Special support and test equipment and tools .

costs including maintenance 14,850 Ft

(5) Training i
1. Maintemance Personnel Training = $10,000

!
!
10 students/ 1 instructor/l week course %;
(refer to report NPS-550s 76031 and apply i
cost escalation) i
2, Instructor Training = $10,000 }
(Refer to report NPS-550s 76031 and apply
cost escalation)
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3.6.4.6 High Ampacity Life Cycle Cost Summary
{
These costs have been spread over a ten year lifetime and averaged into a per
f harness cost at a production rate of 300 harnesses per month,
b :
A life cycle cost summary is shown for the high ampacity run as Table :
) 4
3.6.4.6.1, ‘
. ]
TABLE 3.6.4.6.1
LIFE CYCLE COST SUMMARY
FOR HIGH AMPACITY (277 8A) RUN
METAL AIRFRAME COMPOSITE AIRFRAME ]
FLAT ROUND FLAT ROUND
k
COMPONENTS '
PURCEASE 277 .4 286.0 446 .0 495.2
$ /HARNESS
HARNESS s
ASSEMBLY 233.1 216.7 293.1 283.3
$/HARNESS .
E
PRODUCTION 3
INSTALLATION 231.7 190.0 290.0 235.0
$/HARNESS
MAINTENANCE
COSTS 6.4 6.3 9.3 9.0
$/100K HRS
LIFETIME
FUEL ' 10250.0 13563.0 20790.0 26087.0
DEBT *
SUM 10998.6 14262.0 21828 .4 27109.5

* BASED ON 495 $/LB LIFETIME JET FUEL CONSUMPTION
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4.0 Flat Cable Design Criteria

4,1 General Discussion

The chief advantages of stacked flat cable are, in order of decreasing

importance:

a. A greater area for heat transfer. This allows the use of smaller
wire cross sectional area for the same steady state current

compared to round wire. It also improves high temperature

performance and fault current response time ,

b. Reduced inductance and increased capacitaﬁce. These parameters
lower the tendency for radio frequency interference (RFI) to
couple to and be emitted from the harness, and eliminates the
high frequency coupling of electromagnetic pulse (EMP) and
lightning induced transients, The net effect is a reductiom in

shielding effectiveness raquirements.

c. A lower profile for areas where routing space is most available
in two dimensions (length and width,but not height), and a
greater flexibility in one plane where small radius turns are

required.

9%
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The chief disadvantages are, in order of decreasing importance:

d.

f.

4.2

Before proceeding with the design of a flat cable harmess, the following

parameters must be known:

1.

2.

NADC-82023-60

Tendency for crack propagation through the solid conductor.

Broader profile for incidental damage from projectiles,

Inflexibility opposite the plane of conductor width, This

fact, coupled with the solid conductor, results in some added

contortions for routing that are not required for round wire.

Required Parameters for Flat Cable Design

The maximum ambient temperature of the harness envirounment.

The maximum steady state current that the conductor is required to
carry. If this value is below 10.0 amperes, flat cable is not

recommended and other design guides should be used.

The magnitude and duration of fault transients to be encountered

in the harness lifetime.

The enviromment in which the conductor must serve, i.e., pressurized
or unpressurized, expected vibration levels, chemicals such as

battery acid, jet fuel, hydraulic fluid, etc., which may be present,
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radiation levels, and so on.

5. The maximum voltage drop permitted between the source and the load.
6. The length and routing (number of twists and turns) of the harness.
7. The degree of heat confinement that will be experienced during

operation, If adjacent structures sre more than 6.0 inches away,
or less than 6.0 inches away but no more tham 10.0 inches in length

per 5 feet of run, this confinement can be considered negligible.
4.3 Conductor Material Selection - Copper Versus Aluminum Conductors

At first glance, the use of aluminum conductors seems quite attractive from a

veight savings standpoint. The conductivity of aluminum is ouly 63% of the

conductivity of copper. However, the density of aluminum is 307 that of 3
copper. This means that for given conditions of current, temperature and

voltage drop, an aluminum conductor must have 597 greater cross—section than

copper conductor, but the aluminum conductor would weigh 52X less.

However, there are other considerations which diminish the benefits of using

aluminum:

1. For the equivalent aluminum conmductor above, the increase
in cross section results in an increase in total insulation, i

vhich decreases the weight savings.
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The mechanical strength of aluminum crestes problems when an

attempt is made to utilize it in small giuge sizes,

To improve mechanical strength and flexibility of aluminum, it is
usually alloyed with small amounts of other metals, However,

the operating temperature of these alloys is limited to 350°F due

to premature aging at Qigher temperatures.,

It is usually desired to utilize both copper and aluminum wires in

a given structure, This means that the two must make electrical
contact at some point. Being dissimilar metals, galvanic corrosion
and differential thermal expansion are problems, Splice fittings are
available that employ chemical inhibitors; however, they present a

weight and space penalty over regular fittings.

When exposed to the atmosphere, the outermost molecular layers of
aluminum rapidly form a high resistance oxide film., If a compression
or crimp type conmection is made, it will satisfactorily crush
through this oxide film, However, if the contact faces are
intermittently exposed to the atmosphere, the oxide film will creep
into the joint and result in excessive and damaging heat evolution

at the contact interface. Any electrical contact vith alumimum must
remain gas tight, and under no circumstances should & quick-disconnect

contact be made directly to aluminum,

In addition to these general considerations, there are some specific

considerations when considering aluminum versus copper in flat conductor
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! cable.

: | 1. The requirements for greater cross—section when using aluminum
results in a larger surface area for heat transfer. This change
does not significantly affect temperature rise in the case of round

wire, but it is significant with flat cable. Thus, the weight of

aluminum in flat cable is reduced even further over the weight

savings of aluminum versus copper in round conductors,

2. The mechanical strength problems with aluminum become even more

critical due to the thinness of flat conductor. Aluminum has

less ductility than copper. Breakage would become a problem

in areas of tight routing, frequent flexing, and vibrationm, j

In summary, aluminum conductor is recommended in flat cable power runs above
100 amps where routing bends and flexing are infrequent and vibratiom and

temperature levels would be low,

For other conditions, copper would be a better choice due to the greater

|
|

ductility and vibration resistance.

4.4 Insulation Material Selection

The selection of insulation material is ome of the most important and most

difficult steps in a wire harness design process.

Except in the case of aluminum conductors, the insulation is the controlling
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factor for maximum conductor temperature, The temperature limit for the

popular organic insulations is always less than 300°%. Any service above this

temperature requires a glass or mineral inorganic insulationm, ) '

The other major factors affecting insulation selection are as follows:
a. Methods of wire manufacturing i
b. Thickness requirements for dielectric strength
c. Stripability and/or pierceability
i
. . P . . - 1
d. Environmental service conditions, i.e., abrasion, chemicals,

radiation, low pressures (for outgassing and coroma), etc.

The following insulations have been used to fabricate flat cables similar to

those required for military aircraft applications.

a, Polyester
Temperature rating: 105°C

Application Method: Extrusion

b. Ethylene Tetrafluoroethylene (ETFE)
Normal Temperature Rating: 15000
Temperature Rating with Radiation Post-Treatment: 200%

Application Method: Extrusion

o . < .
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c. Fluorinated Ethylene Propylene-Polyimide (FEP-PI)
Temperature Rating: 200

Application Method: Lamination

d. Tetra Fluoroethylene (T.F.E.)
Temperature Rating: 260%

i Application Method: Extrusion

e. Fluoroelastomeric Heat Shrinkable Tubing (F.E.H.S.T)

Temperature Rating: ZOOOC

Application Method: Heat Shrinking

All of the above mentioned insulations have excellent mechanical, electrical
and environmental resistance properties. Some of them may demonstrate
undesirable factors when used in a specific harness or application. For
example, Type "E" above, F.E.H.5.T., would be relatively expensive and

difficult to produce in long lengths, and would not be recommended for high

volume production., However, it could be quite useful for fabrication of a

limited number of test harnesses. The strengths and limitations of each
insulation material must be carefully examined in respect to the specific
application under consideration, Military specifications MIL-C-~49059 and
MIL=-C-55543 may be helpful in providing similar test methods and applicable

considerations.
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4.4.]1 Conductor Plating Requirements

In conjunction with insulations, another variable to be considered is plating

to be used on a conductor.

Historically, plating has been used for two purposes: (1) To enhance

solderability; (2) to inhibit oxidation of conductors at high temperature.

With the recent innovations in solderless commection techniques, such as
crimping and wire wrapping, the solderability requirements of wires have

played an ever diminishing role in the use of plating.

The second factor, inhibition of oxidation, remains a significant motivation

for the use of plating.

The plating materials used most commonly are tin, silver, and nickel. Tin and
silver both have moderate temperature ratings. Hence they are used primarily
for solderability purposes. Nickel plating is employed on wires for high

temperature application.

With flat conductor power distribution harnesses, terminations are
anticipated to be crimp or compression contact styles, with no use of
soldering whatsoever, The only plating requirements would be to inmhibit
oxidation on harnesses in high temperature areas where high resistance
contacts or conductor erosion would be intolerable. The plating used would be

nickel or a similar high temperature material.

Plating is for copper conductors; aluminum is not usually plated.
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4.5 Flat Conductor Sizing

k:

;1 This section details the selection of the correct size of flat conductor

; . cable for D.C. power distribution. "Correct" is defined as the smallest cable
which will carry the load current without exceeding the temperature limits of
the cable or the allowable voltage drop of the circuit. The size selected by

these procedures is for average conditions. Under adverse conditions, such as

near high temperature equipment or when the harnmess is in a confined space,
the current rating must be decreased. This derating will be covered in later

sections,

Since the chief advantage of flat conductor cable is a larger area for heat
transfer, thus allowing the use of smaller conductors tham with conventional

round wire, it is important that the procedure in this section be followed

carefully.

The use of smaller conductors with f£lat cable, when equivalent to round wire

in terms of temperature, results in an increase in voltage drop. For most

aircraft harnesses the conductor size is controlled by thermsl

characteristics but in some instances, such as very long rums or where

allowable voltage drops are quite small, the conductor voltage drop becomes
the dominant factor. Flat cable also has a voltage drop advantage over round

wire for conductors with equal cross section, but this advantage is

considerably milder than the incresse in current capacity. In harnesses where
voltage drop becomes the controlling factor, the flat cable size selected

should be comparad with the round wire size required for the same task and
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the round wire should be used if the sizes are the same since the methodology

surrounding round wire applications are well established.
4.5.1 Seléction Procedure For Flat Cable
The following parameters must be ascertained before proceeding:

1, T, = Maximum ambient temperature expected in the service

environment of the harness,

2, L, - The known or estimated length of the run from the source

to the load.

3. 1’.I = The load current to be carried by the harness.

4, Ay = The maximum altitude rating of the aircraft.

5. Yy = The maximum voltage drop between the source and the load.

6. Ne - Number of conductors, one single conductor, or two stacked
conductors.,

4.5.1.1 Use a wire with a temperature rating which is at least 100°F higher
than the maximum gmbient temperature. Subtract the maximum ambient
temperature from the actual wire rsting to obtain the true temperature

difference.

103

——

Cn et A R AL iy e

o




PR o

h e ot e

RADC-82023-60

4.5.1.2 Refer to the appropriate figure as indicated below:

Wiring Conductor Material
Configuration '
Copper Aluminum
2 stacked Figure 4.5.2 Figure 4.5.3
1 single Figure 4.5.4 Figure 4.5.5

Find the intersection of a vertical line through the load curreant, 11, and a
horizontal line through the true temperature difference. Read the wire size
of the nearest diagonal line to the right of the intersection. Also read the
current rating of this slightly larger wire at the true temperature
difference. Call this rating W}and make note of the result. If the
intersection is only slightly to the right of the next smaller size, this
next smaller size may be used if the intersection of the load current and the
smaller size diagonal line cause an increase of less than 10% in the
temperature difference, If this smaller size is used, the wire rating Weis
equal to the load current L. Figure 4.5.1 shows the dimensions of equivalent

flat cable sizes with a width=to=-thickness ratio of 150.

4,5.1.3 Pigure 4,.5.6 may be used for either copper or aluminum conductors in
either a stacked or single configuration. Note that the lower curve is for
flat cable with a cross-section equal to or less than a #6 AWG round wire,
vhile the upper curve is.fot flat cable with a crosa section equal to or

greater than a #4 round wvire.

Pind the intersection of s vertical line from the design altitude rating to

the appropriate curve, Move horizontally from this intersection point to the
Y-axis, which will yield the derating factor required for altitude. Multiply
the wire rating H}datcrninnd in paragraph 4.5.1.2 by this fraction and make

oote of the result.
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4.,5.1.4 From Figure 4.5.7 for copper (or Figure 4.5.8 for aluminum) dravw a
line from the maximum smbient temperature, Ty, on the X-axis to the
appropriate curve for the conductor selected in paragraph 4.5.1.2. Move
horizontally to the Y-axis to find the fractionm change in current capacity
for T greater than 50°F. Multiply the wire rating Hrdecermined in paragraph

4.5.1.2 by this fraction and make note of the result.

4,5.1.5 From the initial wire rating Wrdecermined in paragraph 4.5.1.2,
subtract the result determined in paragraph 4.5.1.3 and add the result of
paragraph 4.5.1.4. Call this sum WRand compare it to the load current I]. If
W,is not-greater than or equal to 11, repeat paragraphs 4.5.1.2 ﬁhrough

R
4.5.1.5 for the next larger wire.

4.5.1.6 From the appropriate figure of Figures 4.5.9 through 4.5.32 find the
intersection of the line length Lpand the load curremt Iy. It is permitted to
interpolate voltage drop graphs if the precise conditioms are not covered by
the figures, This intersection must be below the line drawm for the wire size
to be used, If it is not for the wire size selected thus far, increase the
wvire size to one whose line is just above the intersection. Please note that
the voltage drops given are for single wires; in a two wire system, each wire

will consume half the total allowable drop.

4.5.1.7 1t is necessary for wvire to be capable of carrying transient
overloads vithout damage to the insulation., These overloads can be caused by
the starting of large inductive loads or coupling of incident slectromagnetic

fields, Figure 4.5.33 is a graph of the allowable short time current rating
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vs, transient duration time for single or stacked conductors. This graph
assumes an allowvable intermittent temperature rise of 85°r. By dividing the
total expected transient current by the rated current of the wire size used,
a per ﬁnit figure is obtained. Draw a horizontal line from the per umit
current ordinate and draw a vertical line from the abscissa (expected time
duration of overload). If the point of intersection of these two lines is
below the curve of the wire used, it will carry the overload. If the point of

intersection falls above the wire curve, a larger size wire should be used.
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FLAT DIMENSIONS FOR EQUIVALENT CROSS SECTION
TO CONVENTIONAL SIZE ROUND WIRES

- Weight,
Raund W/T = 150 1bs/1000°
Wire X=Section (6 MILS FEP-PI
ANG 1n2 Width Thickness  (-lnsul gon)

# In. In.
20 .000955 0.378 .00252 7.3 -~
18 .00149 0.473 .00315 10.3 ] --
16 00191 0.535 .0D357 12.5 -
14 .00301 0.672 .00448 18.0 ~~
12 .00461 0.832 .00%34 25.6 -~
10 .00735 1.050 .00700 38.2 -~
8 L0133 1.412 .00942 64.5 --
§ .0211 1.779 01188 98.0 | 41.4
4 .0335 2.242 .01494 150.0 | 60.2
2 .0522 2.798 .01865 227.3 t 8.3
1 .0642 3.103 .0208% 276.5 {104.2
0 .0821 3.509 .02340 348.3 {128.9
240 .104 3.950 .02633 437.8 {158.7
3/0 131 4.433 .02955 546.3 |194.8
4/0 .166 4,990 .03330 687.0 1241.1
FIGURE 4.5.1
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FIGURF 4,57
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. FIGURE _4.5.8
FRACTION CHANGE IN CURRENT CAPACITY FROM T, = 50 °F
VS. T, VS. FLAT CABLE GAUGE SIZE
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for preliminary estimates only, 114




ALLOWABLE LINE CURRENT, AMPERES

NADC-82023-60

FIGURE 4.5.9

LINE LENGTH VS. LINE CURRENT
VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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LINE LENGTH, FEET

Note: These curves are based on calculations for general conditions and should be

used for preliminary estimates only.

115

on aem o gy




e

-

NADC-82023-60

FIGURE 4.5.10
LINE LENGTH VS. LINE CURRENT
VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

1000 _

ALLOWABLE LINE CURRENT, AMPERES
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Note: These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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FIGURE 4.5.11°

LINE LENGTH VS. LINE CURRENT
CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

ALLOWABLE LINE CURRENT, AMPERES
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Note: These curves are based on calculations for general conditions and should be

used for preliminary estimates only.
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FIGURE 4.5.12
LINE LENGTH VS. LINE CURRENT
'VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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Note: These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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FIGURE 4.5.13
LINE LENGTH VS. LINE CURRENT
VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

ALLOWABLE LINE CURRENT, AMPERES
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Note: These curves are based on calculations for gehera]_ conditions and shouid be
used for preliminary estimates only.
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FIGURE 4.5.14
LINE LENGTH VS. LINE CURRENT
¥S. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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Note: These curves ara based on calculations for general conditions and shouid be

used for preliminary estimates only.
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FIGURE 4.5.15
LINE LENGTH VS, LINE CURRENT
VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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Note: These curves are based on calculations for general conditions and should be

used for preliminary estimates only.
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FIGURE 4.5.16
LINE LENGTH VS. LINE CURRENT
VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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Note: These curves are based on calculations for general conditions and shouid be
used for preiiminary estimates conly.
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FIGURE 4.5.17
LINE LENGTH VS. LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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used for preliminary estimates only.
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FIGURE 4.5.18
LINE LENGTH VS. LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

ALLOWABLE LINE CURRENT, AMPERES
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Note: These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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FIGURE a.5.19
LINE LENGTH VS. LINE CURRE:T
VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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Note: These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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FIGURE 4.5.20
LINE LENGTH VS. LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

ALLOWABLE LINE CURRENT, AMPERES
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Note: These curves are based on calculations for general conditions and should b
used for preliminary estimates only.

126




NADC-82023-60

FIGURE 4.5.21
LINE LENGTH VS, LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

(FLAT CABLE EQUIVALENT GAUGE)
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Note: These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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FIGURE 4.5.22

LINE LENGTH VS. LINE CURRENT
¥S. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

(FLAT CABLE EQUIVALENT GAUGE)
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These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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FIGURE 4.5.23
LINE LENGTH VS. LINE CURRENT
VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE OROP
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Note: These curves are based on calculatfons for general conditions and should be

used for preliminary estimates only.
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FIGURE 4.5.24
LINE LENGTH VS. LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

ALLOWABLE LINE CURRENT, AMPERES
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Note: These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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FIGURE 4.5.25
LINE LENGTH VS. LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

(FLAT CABLE EQUIVALENT GAUGE)
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These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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FIGURE 4.5.26
LINE LENGTH VS. LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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Note: These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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FIGURE 4.5.27
LINE LENGTH VS. LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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Note: These curves are based on calculations for general conditions and should be

used for preliminary estimates only.




ALLOWABLE LINE CURRENT, AMPERES
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FIGURE 4.5.28

LINE LENGTH VS. LINE CURRENT
VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

(FLAT CABLE EQUIVALENT GAUGE)
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These curves are based on calculations for general conditions and should be

used for preliminary estimates only.
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FIGURE 4.5.29
LINE LENGTH VS. LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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Note: These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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FIGURE 4.5.30

LINE LENGTH VS. LINE CURRENT
VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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Note: These curves are based on calculations for general conditions and should be
used for preliminary estimates only.

LINE LENGTH, FEET

136




NADC-82023-60

FIGURE 4.5.31
LINE LENGTH VS. LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP

ALLOWABLE LINE CURRENT, AMPERES

ALUMINUM

SINGLE CONDUCIGR
MALD = 4.0 V

T, (max) = 220°F
T, (max) = 120%F

T

1

sl
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used for preliminary estimates only.
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FIGURE 4.5.32
LINE LENGTH VS. LINE CURRENT

VS. CONDUCTOR SIZE AT CONSTANT VOLTAGE DROP
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ALLOWABLE LINE CURRENT, AMPERES
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Note: These curves are based on calculations for general conditions and should be
used for preliminary estimates only.
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4.6 Flat Cable Electromagnetic Threat Considerations

This design guide does not provide information which will allow the designer
to decide when and where to use shie}ding. If properly terminated, stacked
flat conductors will require shielding in fewer instances than conventional
twisted pairs. The requirements for noise reduction on aircraft electrical
power distribution leads is dependent on a large number of factors which is
beyond the scope of this guide to evaluate, What is provided here are
feasible methods of shielding for flat cable when it is necessary. The
circuit designer should use appropriate methods to evaluate the
electromagnetic threat presented to a given circuit in a given installation
and evaluate the selected methods of noise reduction to determine if
tolerable noise levels are maintained. Special technical assistance can be

obtained for analyzing threats and recommending solutioms.

Section 4.6.1 gives a brief description of possible shielding methods and a
discussion Af the merits of each type. Sectiom 4.6.2 outlines proper
termination procedures for shielded and unshielded cables to ensure that the
inherent "shielding" of flat cables is not lost to poor terminatiom

practices,
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. 4.6.1 Flat Cable Shielding Methods

Conventional braided wire shielding (such as Federal Specification QQ=B=575)
is definitely not recommended for flat cable due to a very high and

unnecessary veight penalty.

The methods which are described below and illustrated in Figures 4.6.1
through 4.6.4 are considered reasonable within the constraiants of .
performance, cost, weight, and producability. A discussion of the merits and

tisks of each method follows.

a., Faraday Box (See Figure 4.6.1) = A thin layer (3 mils) of metal foil
(copper or aluminum) is used to line a raceway through which conductors are

routed.

b. Strip Wrap (See Figure 4.6.2) = 2 or more strips of thin metal foil are
woven around the conductor(s) in opposite rotations, Inclusiom of small gauge

drain wires at the conductor edges (beneath the foil) eliminate a solenoid

effect of the wrapping.

—p .
il

¢. Continuous laminate (See Figure 4.6.3) - Metal foil atrips slightly wider

than the conductors are }aninlted to both sides of the conductor(s). Drain

wvires at either edge are optional.

—— e e e .
el e T dEOSCIN, ' 3 ot

d. Shield/Sleeve Combination (See Figure 4.6.4) = A pre~constructed sleeve

nade of fine vire mesh or thin foil encased in plastic is placed tightly

around the counductor(s). An optiousl zipper or similar fastener will allow

sidevays {nsertion/extraction.
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FIGURE 4.6.1

FLAT CABLE SHIELDING
BY FARADAY BOX
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FIGURE 4.6.2

FLAT CABLE SHIELDING
BY STRIP WRAP
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FIGURE 4.6.3

FLAT CABLE SHIELDING
BY CONTINUOUS LAMINATE
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FIGURE 4.6.4

FLAT CABLE SHIELDING
BY SHIELO/SLEEVE COMBINATION

143




NADC-82023-60

The advantages and disadvantages of the methods are as follows:

a. Faraday box - This is the most effective method given, as it greatly
reéuces secondary coupling between the shield and conductor. It is more
difficult to manufacture than other methods and the weight is quite high
unless the raceway is used for several conductors, thus distributing the

added weight among several harnesses,

b. Strip Wrap - This method has moderate effectiveness and higher weight than
the other methods given (except for the Faraday Box above), but it is simpler
to manufacture and has greater flexibility than the other directly applied

methods (the Faraday Box has no flexibility requirements).

¢. Continuous Laminate - The effectiveness is second only to the Faraday Box.
The weight is lowest of all methods and it is easy to manufacture (Second
only to the Strip Wrap). It is the least flexible of all metkods given, and

may result in premature failure of the shield at folds in the harmess,

d., Shield/Sleeve Combination - This method has moderate effectiveness and is
very easy to incorporate during manufacture, although the initial purchase
price is higher. The weight is relatively high due to the additional plastic
encasement, but this encasement elimingtes the need for additional abrasion
sleeving. If a side access is incorporated, this feature facilitates

manufacturing assembly and later maintenance operations,
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4.6.2 Proper Termination Procedures

The most important aspect of terminating flat cable is to reglize that
incident electromagnetic fields must be restricted to the outer shielding and
electrical equipment cases. By maintaining a continuous Gaussian surface
aroﬁnd the equipment, the net magnetic flux inside the surface is zero and
incident fields have no effect on internal components, Of course, a perfect
Gaussian surface is not practical om military aircraft as this would require
several inches of solid lead around components. However, observation of
proper termination procedures for ground plane conductors and shields (when

present) can approximate an ideal emclosure.

For unshielded stacked conductor pairs, it is critical that the conductors
remain quite close together until well surrounded by the metal case of the
source/load equipment (or the metal case of a connmector backshell or terminal
block), The ground plane should have a low inductance, low resistance
connection from the ground plame, before the entry point into the case, to a
point on the exterior of the case., Low inductance can be achieved by using a

flat, braided wire mesh rather than a round wire pigtail.

In situstions where this grounding scheme cannot be accomplished easily the

following changes, in order of decreasing desirability, are possible:

@. A round wire pigtail can be used in place of the flat, braided ground

strap.

b. The flat braid can be connected to the ground plane just inside the metal
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case and routed back to the exterior of the case.
¢+ A round wire pigtail can be used in place of the flat braid im b.

d. A flat braid can be conmnected to the ground plane just inside the metal
case and connected to the nearest available point om the interior of the

case,
e, A round wire pigtail can be used in place of the flat braid in d.

Thus far, in the discussion of unshielded flat conductors, continuity of the
surface has been maintained for the ground plane conductor, but not for the
positive conductor. It is not possible to provide a DC comtinuity from the
positive conductor to the equipment case, but there is a high frequency AC

eontinuity via the large distributed capacitance of the conductors.

The cutoff frequency, i.e., the frequency below which stray signals are
unaffected, is a function of the length of the run, the spacing of the
eonductors, and.the dielectric material between the conductors. Should high
powver, low frequency signals be of concern, the use of inductive chokes,
spark arrestors, metal oxide varistors, and/or avalanche (Zener) diodes may
provide an attraétive alternative to shielding to selectively enhance the

apparent continuity of the external surface.

For proper termination of shielded flat coanductors, the grounding scheme is
similar but for one exception: coantinuity through the outer metal surfaces

should be between the shield and metal cases. No effort should be wade to
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deliberately join the shield to the ground plane conductor except in low E.M,
threat areas, 1f the circuit ground reference is in electrical contact with
the interior of the metal case, this situation will not contribute

significantly to circuit noise levels and is therefore acceptable,

At the end of a harness the shield must be electrically joined to the
equipment case, comnector, or terminal block. The shield should make a 360
circumferential connection at the case, connector backshell, or terminal

block.
4.7 Routing Path Considerations for Flat Cable
The routing considerations for flat cable present a sharp break from

traditional considerations for conventional round wire. Almost every method

in current practice for round wire routing must be modified, with the

. elimination of some considerations and the addition of others.

Candidate paths should be evaluated for conflicts between the following
factors, The factors are presented in an approximate order of decreasing
importance., However, in the event of a conflict, the designer should use his

ovn judgement in establishing which factor should have precedence.

4.7.1 Support and heat transfer. Take advantage of inherent cable support
where possible by routing against bottom skin or structure, unless these

surfaces are expected to be hotter than ambient temperature.

4.7.2 Avoid high electromagnetic threat areas. The lowest threat area is the
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interior-moat, tail section of the fuselage. The threat increases towards the

nose, leading edge and upper surfaces of the aircraft.

4.7.3 Avoid areas where personnel, equipment, or payleoad traffic is expected.
Do not route the cable where it can be easily used as a hand hold, stepped

on, chaffed or abused.

4.7.4 Avoid areas that may contribute to chemical degradation, such as near
electrical storage batteries, equipment, or lines containing hydraulic fluid,

cooling systems utilizing ethylene glycol, etc.

4.7.5 Eliminate unnecessary course deviations that require sharp twists and
turns. As a way of evaluating the routing of a candidate path, the following
routing factors provide a method of numerically estimating the complexity of
a path. Note these factors arg;engineering estimates for this initial design
guide and require refining and updating as experience with flat cable is
acquired. The numbers given are composite figures representing the difficulty
of installation and the harshness of twisting and bending that the cable will
experience while in servica, It is desireable to reduce the sum of routing

factors to a minimum,

4.7.5.1 Direct turn. The cable is folded along its width to the angle
required. The allowable bend radius is a function of the size of the cable,
the insulation used, and the presence of shielding/sleeving. The routing
factor would range from 5 to 10, depending on the severity of the bend and

the angle of the turn.
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4.7.5.2 Parade turn. The cable is folded over on its self so that the plane
of orientation remains the same, The sharpness of the fold is a function of
the same factors as those of the bend radius in 7.5.1 above. The lay factor

would be from 9 to 15.

4.7.5.3 Twisting. The cable is twisted about its lomgitudinal axis to allow
for very slight deviations in course or to prevent buffeting due to high air
velocity over the cable. Maximum twists per unit length are a functiom of

cable size and insulation material., The lay factor would be from 2 to 6.

Where the cable must pass through areas of high vibration or places where
chafing, buffeting, or abrasion are expected, abrasion sleeving should be

used. Buffeting can be reduced by twisting the cable.

Two types of abrasion sleeve are in current use, both of which are a light-
weight, braided, expandable tubing. The first type (type 1) is made of
polyethylene terepthallate which has a temperature range from -6S°F to +250
F. The second type (type II) is made of ethylene chlorotrifluroethylene and
has a temperature range from -100%F to +300°F. The following table gives

information for size selection and weight parameters,
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Type

I1

I

I1

i1

11

11

Inside

Diameter

(Nominal)

Inches

.50

o715

1.25

1.75

2I°
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TABLE 4.7.1
Design Parameters for Flat Cable

Abrasion Sleeving

Will Accomodate

Braid Flat Cable
Angle Sizes
+3° (AWG Equivaleat)

30 20,18,16

30 18,16,14,12,10

30 12,10,8,6

37 8,6,4

37 4,2,1,0

37 2,1,0,2/0,3/0,4/0
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Weight, Poundé
per Thousand
Feet

(Max.)

2.57

3.96

7.81

11.77

11.77

18.19

16.05

25.68

27 .82

40.66

35.31
51.36
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Note that this sleeving adds less than 1I to the harmess weight and cost.
Some manner of fixing the sleeve at its ends is required, such as a heat

shrinkable boot or a clamp.

For paths where the length may vary in service due to airframe thermal
expansion/contraction or flexing, a method of providing for this change in
length is required. Some possibilities of accomplishing this task are

illustrated in Figure 3.5.6.1.

The advantages and disadvantages of the four methods shown are given below:

“U” Bend

Merits: Lowest profile

Risks: Larger surface required,, possibility of work hardening
at the folds

Accordion

Merits: Lowest total space penalty

Risks: Excess can "flop around" and become damaged

*S* Bend

Merits: Easiest to comstruct

Risks: Excess can "flop around" and become damaged

Spring Loaded Roller

Merits: Cable remains moderately taut
Risks: Cost and weight penalty of extra device
151
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OQut of these possibilities, the accordion configuration is considered the

best overall performer.

Similar to the requirements for providing slack are the requirements to
provide extra lengths at the cable ends for retermination., The custom for
round wire has been to allow sufficient length for 3 retermirations. This
number should also serve well for flat cable and can be accomplished with the

forms given for providing slack or by the use of a drip bend.

4.8 Comnnections to Flat Cable

Connections to flat cable are categorized by the frequency of mating/
unmating cycles. Less than 5 cycles/1000 flight hours is considered low; 5 or

more cycles/1000 flight hours is high.

For low cycling frequency terminations, a semi-permanent connection is
recommended, such as a terminal stud=-and-nut lockdown plate. These are most
frequently emcountered at the genmerator(s), power distribution centers and

sometimes at the utilizing equipment terminals,

For high cycling frequency terminations, a quick disconnect pin—and=-socket
type counector is recommended. The attachment of cable to connector contact
can be accomplished by a variety of means, e.g., welding, solderiung, bolting
together or crimping. The last two methods, bolting and crimping, are
considered preferable because they allow reterminations in the field aboard a
fueled aircraft. Crimping is considered superior to bolting for weight and

reliability considerations. Also crimping can be accomplished on a stripped
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or unstripped conductor, while bolted on conmections must be made to a

stripped conductor.

In designing a flat cable termination several factors must be comsidered.

4.83.1 Terminations to flat cable are most semsitive to thermal cycling and
vibration. The width of flat power cables dictates that the contact material
have a coefficient of thermal expansion which is closely matched to the
conductor material, Vibration may loosen the contact faces or tear the thin
conductor away at the contact edge., Potting or a resilient backshell clamp is

recommended for strain relief.

4.8.2 Circumferential grounding (3600) of the shield (if presemt) is far
superior to pigtail grounding before the terminal. By clamping the shield all
the way around a terminal, ensuring shield continuity through the connector
mating halves and pigtailing the connector body to shield ground, shield

efficiency is maintained.
4.,8,3 By designing conmectors with insert arrangements and coupling features
which are intermateable with current round wire conmectors, problems with

transitioning to round wire are eliminated.

A conceptual connector is shown in Figure 4.3,1

153

e s AR %W

Al s e i <

R e




NADC-82023-60

e ™
N N
\.

==
'EEEB

i

‘ e

_\
——/——/\:‘
oF

) // ) Flat Conductor

Cable (FCC)
Connector - Threaded Straight Plug
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4.9 Harness Buildup and Installation Methods
As with round wire power feeders, flat cable primary and secondary

distribution leads should not be routed in bundles with other wires, due to

heat transfer and magnetic coupling problems. For round wire, some subsystem

leads of low power (1-10 amps) are included in bundled harmesses with other
wiring. Since flat cable is not recommended for usage below 10 amps, there

should be no instances where flat cable is included in a bundle,

To form a flat cable into the final, installed product, a combination of t
preforming before installation and bending during installation must be used.

The percentage of shaping done during installation will vary from harmess to

harness. Depending on the complexity of a given harness, some bends or twists 1
might be postponed until installatiom to facilitate packing, shipping,
handling and feedthrough. It is recommended that a designer optimize the
extent of harness preforming by selection of feed-through starting points and

utilizing inherent splices (such as copper to aluminum). The use of splices

to avoid an installation routing difficulty is not recommended, as these
splices reduce system performance and reliability. The buildup of the harness

should follow the sequence given below:

4.,9.1 Cut the conductor(s) to the required length and bond together (if

bonding is necessary). Mark as required.

4.9.2 Install/apply shielding and/or sleeving to the cables if required.
Terminate shield/sleeve as appropriate, i.e., temporarily taped down or

permanently attached if no further interfacing will be required later.
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4.9.3 Install and pot any pressure seal fixtures required.

! . 4.9.4 Separate the conductors 6.0 inches from either énd and strip insulation

as required.

4.9.5 Lay out the cable on an appropriate form board and make any bends or
: folds possible prior to installation. Put a slight crease or mark with a
semi-permanent symbol where folds, bends or twists must be performed after

installation. :

.
tbbadimete. . e e vm

4.9.6 Install quick disconmect counectors if required, or a temporary

protective boot if termipation will be made on the aircraft.

4.9.7 Test, pack and ship as required.

A typical harness assembly station is shown in Figure 4.9.l1.
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5.0 FLAT CABLE ANCILLARY COMPONENTS FOR DEVELOPMENT

Flat cable components currently available are represented in the vendors
proprietary information supplement to this report. No claim is made to the
effect that this supplement represents every possible U.S. manufacturer of
flat cable components. The information contained in the supplement is the
result of a recent poll of aerospace quality wiring and connector
manufacturers and distributors, and probably represents flat cable

state~of-the~art technology.

As can be seen by reviewing this supplement, £lat cable state-of-the-art
technology is not yet up to the developmental level required for military
aircraft. Many of the currently available components show considerable
promise to achieve the appropriate result with a minimum of designm, develop,
test, and evaluate (DDTE) work, while other components virtually do not
exist., The following list identifies and defines the flat cable harness
components DDTE work to be done, im the order of priority required to achieve

a satisfactory installation,

5.1 Flat Cable = Although the cable cannot be an ancillary component to
itself, there are some developmental aspects with the cable that are critical

to the development of the components,

5.1.1 Current carrying capacity and voltage drop verification. The graphs in
the design guide for these parameters are based on computer calculations of
steady state heat transfer phenomens. The mathemstical modeling methods are

at best accurate to within 107, in light of the simplifying assumpticns
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required at this stage of flat cable development (i.e., insulation type and
thickness, shield/sleeve type and porosity, cable comstruction and conductor
separation, etc.)., However, the mathematical modeling was performed with
conservative paremeters where possible., Hence, the experimental verification
of flat cable current capacities and voltage drop parameters should show a
slight increase over the values given in the design guide (i.e., higher
current capacity at a given temperature rise and greater allowable lengths

for a given current and voltage drop).

Sample lengths of flat cable should be obtained with various insulations
(ETFE,FEP-PI, TFE) and then measurements made of the conductor temperature

and voltage drop at various currents, ambient temperatures and pressures.

From these results, the current capacity and voltage drop graphs can be
verified as is or adjusted as required. (Repeat same steps with aluminum and

nickel plated copper conductors).

5.1.2 Selection of standard sizes. Once the current carrying capacity and
voltage drops have been verified or adjusted, these results can be used to
select flat conductor standard sizes with a width-to-thickness ratio of 150
of which the voltage drops most nearly match the voltage drops of
conventional size round wires under identical conditions, It may be
desireable to also add intermediate sizes of flat cables to allow finer
divisions of the current carrying spectrum, which would further emhance the
potential weight savings. The number of intermediate sizes added would be
determined by optimizing the trade—offs between weight savings and several

other factors:
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a., The additional sizes will add to the costs of tooling and stocking with a F

similar impact om ancillary components.

b. Tolerances on the conductor dimensions would have to be decreased to

prevent excessive overlap of the size. This decrease in tolerance

resuylts in an increase in manufacturing costs. A tolerance of -0.0%,
+4 .07 for thickness and -0.02, +2.02 for width appears quite reasonable

within the constraints of performance, uniform appesrance, and manufacturing

costs,

Although a precise determination of the number of intermecdiate sizes is
beyond the scope of this study, an estimate would be 1, or at
most 2 intermediate sizes between the flat cable sizes equivalent to

conventional round wire AWG sizes on & voltage drop basis.

5.1.3 Cable manufacturability. Along with the conductor tolerances mentioned
in the previous section, many manufacturing considerations for flat conductor

cable will require investigatioan,

Types of insulation and methods of application are of major concern. Two
methods in current practice for round wire insulation application are
extrusion (ETFE and TFE insulations) and lamination (polyimide - FEP films).
Extrusion is a simpler and less expensive method of application in the case
of round wires, but this generalization may not hold true in the case of

large (>#6 AWG) flat cables with a W/T of 150.
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The width of the larger sizes of flat cable could not be accommodated by

present extrusion equipment (according to W. B. Frogner, Hi-Temp Wires Co).

One possibility would be to curl the conductor, extrusion insulate the outer
surface, uncurl the conductor, then either reverse the process to insulate
the other surface for single conductors or laminate two conductors together
with a thin dielectric film (Rapton R) between the uninsulated faces. (The

. suggestion for single sided insulation by curling is also by ﬁhe courtesy of

W. B. Frogner, Hi~Temp wires).

Rough estimates of the cost of the finished flat cable product range from 20%

to 307% higher than the cost for equivalent sized round wires with similar

insulation performance characteristics, It appears that existing equipment
would be able to produce flat cable with nominal modifications to tooling and
methods,. The initial modification costs would be correspondingly low; hence,

the increased cable costs would be due largely to a more complicated

processing scheme for flat cable than with round wire.
5.1.4 Cable Mechanical Properties Determination

Once the standard sizes and manufacturing methods for flat cable have been
partly developed, mechanical properties of the flat cables should be
determined. Military standard (or appropriately modified) tests for
parameters such as abrasion resistance, bending radius tolerance, flex life,
thermal cycling and tensile strength should be performed on the flat cable.
Necessary modifications to the cable manufacturing processes should be

implemented as required (e.g., if moderate bending causes the insulation to

161 ;




NADC-82023-60

pull away from the conductor at the inside of a bend, methods of enhancing
adbesion should be investigated). Other mechanical problems which require

testing and evaluation may occur as the cable manufacturing processes

develop.
5.2 Cable Shielding -~ Requirements and Methods

The requirements for shielding onm either flat cable or round wire is highly
dependent on many factors, such as what level of noise is tolerable on a
given power line, the source of threat (EMI, EMP, EMC) and other methods of
controlling noise threats (filters, surge arrestors, etc.), Ratherfthan
providing a designer with a lengthy and difficult-to-understand study of
examples and "if then" situations, what is needed is empirical information on
the type and character of noise or hazard produced on flat power cables by
various threat sources. This information should possibly be supplemented by
laboratory measurement of effectiveness of various proposed shielding methods

for flat cable (Section 4.6).

With this information, a designer only needs to examine a circuit’s
requirements, estimate the hazard level and then determine from the
information whether the induced signals would exceed tolerable noise levels

if the flat cables are unshielded,

Laboratory EM threat simulation should include incident electromagnetic
fields of varying frequency and angle of incidence on the final design flat
cable, both single and two, stacked conductor configurations, at various

heights above a ground plane, with varying current levels on assorted sizes,
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5.3 Connections To Flat Cable

5.3.1 Terminal Blocks

The use of terminal blocks for flat cable transitioning to round wire
connectors is not recommended , due to both weight and reliability penalties
that occur. However, terminal -locks are recommended for interconmections to
equipment where a low cycling frequency(less than 5 mate/unmate cycles per

1000 flight hours) occurs.

There would be very little development work with these simple devices. A
conceptual design for a terminal block can be seen in Figure C.l. As long as
the body material meets -the usual requirements for high voltage airborme
equipment (e.g., outgassing, dielectric strength, thermal expansiom, etc.),
there should be little work involved in the development of these blocks. One
possible insulator candidate is diallyl phthallate (Mil=M=14, type sdg-f).
This material has been a favored connector insulation material for 20 years,

and should perform well in this application.

One drawback to diallyl phthallate is that it is a thermosetting material
(non-injection moldable). Until fairly recently, injection moldable plastics
were considered to be inadequate for airborne electrical insulators due to
their relatively easy destruction( melting) at moderately elevated
temperatures. New developments in commercially available thermoplastics have

been challenging thermosets in airborne equipment insulators due to higher

melt temperatures. The injection moldable thermoplastics have a distinct

advantage over thermosets vhere manufacturing times are concerned, which
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usually cuts costs and lead times comnsiderably.

Some thermoplastic candidates are polyphenylene sulfide (Mil-P-46174), poly
amide~imide (Mil=-P-46179), and polyether imide (Ultem, made by General

Electric Co.)

5.3.2 Connectors

A conceptual design for a ome piece flat cable conmector is given in section
4.8. Design variables are also discussed there. Some additional
considerations not mentioned in section 4.8 are that the connector sizes

should be standardized to conform to the flat cable standard sizes discussed

in section 5.1.2.

The crimp terminal shown in figure 4.8.1, detail “a”, may be either an
insulation piercing type or applied to a strippal conductor. Due to thermal
confinement in the connector, any current path should have at least a 302
greater conductance per unit length than the lead-in flat cable. Since the
insulation piercing contact will not have the surface contact area of the
stripped conductor crimp termipal, the resulting increase in size may make
the insulation piercing contact too heavy to compete with the stripped

conductor contact.

The development of a firewall connector should be a straightforward matter,
as the proposed conpector design utilizes many parts from existing round wire

firewall conpectors(e.g., insert materials and connector shells).
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5.3.3 Splices

Splices will require very little development, as Amp, Inc., Termi-Foil units
appear to be adequate. The only development required would be the splice
configuration required for the flat cable standard sizes. Amp, Imc., has
already expressed an interest in pursuing this action, comcurrent with the
standard size and military/aerospace requirements inputs from appropriate

o .
organizations,
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it K_ ' 5.4 Clamps and Pressure Seals ' y

5.4.1

A conceptual design for a clamp is discussed in section 3.5.8. The only

- e e T S < e e

development work required would be standard sizes to suit the flat cable

sizes selected.

5.4.2 Pressure Seals

A conceptual design for a pressure seal is shown in Figure 5.4.2. This seal
would be potted during harness assembly. Again, work is involved to specify

standard sizes. Also, the cut-out radius, flange reach and boltdown methods

should be checked against those shown in Figure 5.4.2 for suitability to the

airframe material under consideration.
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5.5 Menufacturing Buildup and Installation Tools

5.5.1 Cable Marking Machinery

As mentioned in sectiom 3.5.7.3, physical attachment of coded cable and
harness information could be fulfilled by the methods of hot stamping and
imprinting. Existing round wire marking equipment should be easily modified
by (1) altering the printing head from a concave to a flat configuration, (2)

increasing the width of the “mouth” of the equipment as.necessary for the

wider cable.

An additional possibility for marking would be the use of laser marking
techniques. These techniques are relatively new, and are not yet fully

implemented for cable marking.
5.5.2 Flat Cable Cutters

Cutting equipment for flat cables is not a major concern, but a few

considerations do need to be addressed, The use of conventional handhkeld *3
sheet metal shears is not recommended, due to the ragged and turned edges
that result, Stationary floor standing metal shears (hydraulic or foot |
operated) with a heavy cutting head and a clamp to hold the cable firmly are f}
required to produce a clean cut, These are available to accomodate sheets |
which are several feet wide and could be used as is, although these existing ?

units would have considerable extra room for flat cable cutting.
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S.5.3 Bend Preforming Jigs

A typical harness assembly station is shown in Figure 4.9.1. The bend
preforming jig is designed to be swiveled and locked to the angle required,
as well as sliding up and down the length of the table to the location

desired.

The creasing mechanism of the jig should be a rounded tongue and groove type
which clamps dowA and puts a partial fold in the cable. The bend radius would
be a function of the cable mechanical properties as well as the particular
cable size being formed, The jig should have either (a) interchangeable

heéds, or (b) a rotating wheel of tongue and groove heads of assorted sizes,

This part of the harness assembly station would readily lend itself to
éutomation, although the automation phase might be postponed until harmess
assembly and installation methods have been refined, The tedicus, repetitive
action of bend preforming would be a labor intensive, error prone process if
performed manually. Because of the relatively simple linear motion of the jig
along the table, it should be an easy step to provide computer control of the

ji&o
5.5.4 Strippers

Carpenter Mfg. Co., Inc,, Model 464, should serve as s stationary stripper
for an intisl assembly area. Field stripping tools will also be necessary.
These field tools should be manually operated for usage aboard a fueled

aircraft. As the optimum method of field stripping will depend om the cable
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- final designs, no field stripping tools can be designed at this time. It

would be most cost effective to perform field stripping with crude devices

(e.g., razor blades and needle nose pliers) until the cable manufacturing
methods have been refined. At that time, finalization of insulation types,
adhesion methods and other factors will permit development of field stripping

tools, 4
5.5.5 Hand Tools for Final Forming of Bends

Two models of these will be required,

(l) A version for the harness assembly shop area. This model can be

“clumsier’ and heavier than the other one, but this advantage should be

utilized to produce a more precise bend.

(2) A version for close quarters work during airframe installation. This
model should be compact and lightweight to permit handy carrying around and

maneuverability in close quarters.

The details of the head mechanism would be similar for both models,

consil:ing of an appropriate size mandrel and a partial cylinder at a slight ;i
(0.25") distance from each other (see Figure 5.5.5.1). The cable could be |
slipped between the mandrel and partial cylinder at the open end. With a |
closing of the ratcheted handles, the flat cable would be presaed into the l‘
required bend. Replacable mandrels and cylinders would be required for

different bend radii and angle of bending. Y
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REMOVABLE
SEMI-CYLINDER

REMOVABLE
MANDREL
)

™\ RATCHETED
HANDLE

FIGURE 5,5.5.1
CONCEPTUAL DESIGM FOR
FLAT CABLE BEND FORMING HAND TOOL
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Military Specifjcations
MIL-W-5088H Wiring, aerospace vehicle
MIL-W=-25038 Wire, electrical, high temperature and
' fire resistant, aircraft

MIL~-C=49059 "Cable, electrical (flexible, flat, unshielded), 3

(Flat conductor) general specification for
MIL=-C=55543 Cable, electrical flat multiconductor, flexible,

unshielded

Military Standards

MIL-STD-454 Standard general requirements for electronic equipument
MIL-STD=704 Aircraft electronic power characteristics

Military Handbooks

MIL-HDBK-217C Reliability prediction of electronic equipment

Federal Standards

QQ=C=-502 Copper rods and shapes; and flat products with 1
finished edges (flat wires, strips and bars)

QQ—C-576 Copper flat products with slit, slit and edge=-rolled, x
sheared, sawed, or machined edges (plate, bar, sheet
and strip)
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DOCUMENTS REVIEWED PERTINENT TO FLAT POWER CABLE
(Output from Literature Search)

Flat Bus Fault Sensors

Carl 0, Linder

Rockwell International, Anaheim, CA, Autonetics
Strategic Systems Div,

Oct. 1979, 43 pages

Splice flexure Performance Factors in Shuttle Car Trailing Cables
George Conroy, John McIlwaine, David Forshey, Robert King

Bureau of Mines, Pittsburgh, PA

March 1977, 27 pages

Electrical Connector for Terminating Flat Wire Cables
Harry H. French

Department of the Army Patent

April 1968

Reliable Flat Cable Comnector
Edward M. French

Martin Marietta Corp., Orlando Div,
June 1970, 152 pages

Installation Procedure for Surface-Mounted Flat Conductor Cable Used in
Commercial and Residental Wiring

J. R, Carden

NASA-Marshall Space Flight Center

March 1975, 31 pages

Design, Development, Fabrication and Testing of High Temperature Flat
Conductor Cable

W. S. Rigling

Martin Marietta Corp., Orlando Div.

July 1974, 46 pages '

Testing of Flat Conductor Cable to Underwriters Laboratory Standards
UL719 and UL83

R, W. Loggins, R, H, Herndon

NASA-Marshall Space Flight Center

September 1974, 26 pages

Testing of Flat Conductor Cable Baseboard System for Residential and
Commercial Wiring

J. D. Hankins

NASA Marshall Space Flight Center

August 1974, 30 pages

Temperature Rise of Flat Conductor Cable Installed Under Carpet
J. D. Hankins

NASA Marshall Spaca Flight Center
September 1974, 13 pages
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Proceedings of the International Wire and Cable Symposium (19th) Held
at the Shelburnme Hotel, Atlantic City, New Jersey on December 3-5, 1969.
Army Electronics Command

December 1969, 486 pages

Proceedings of the International Wire and Cable Symposium (16th) held at
the Shelburne Hotel, Atlantic City, New Jersey, on November 29 =
December 1, 1967,

Amy Electronics Command

December 1967, 501 pages

Flat Conductor Cable Symposium

J. D Hankins

NASA Marshall Space Flight Center
December 1972, 611 pages

Manufacturing and Quality Control of Interconnecting Wire Harnesses,
Volume 4

Author Unknowm

NASA Marshall Space Flight Center

September 1972, 99 pages

Flat Conductor Cable for Electrical Packaging
W. Angele :

NASA Marshall Space Flight Center

January 1972, 17 pages

Termination Procedures and Connectors for Flat Conductor Cable and
Flexible Printed Circuits

Robert F. Van Ness

Picatinny Arsenal, Dover, N.J.

February 1968, 149 pages

Flat Conductor Cable Design, Manufacturing, and Installation
W. Angele

NASA Marshall Space Flight Center

January 1970, 437 pages

Life vs., Voltage Performance of Flat Comductor Cables and Light
Weight Round Wire Systems

E. I. Dupont Denemours and Co. r
1969, 18 pages

Materials for Flat Cable, the Interconnect ng System of Tomorrow
Elmer F. Godwin

Army Electrounics Command

December 1967, 15 pages

Electrical Connector for Flat Cables
Wilhelm Angele, Hans G, Martineck
Patent Assigned to NASA (#3,189,864)
June 1965
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Connector for Printed or Etched Flat Conductor Cables
James G. Johnson

Navy-Assigned Patent (#3,141,720)

July 1964

Design and Development of Flat Cable Electrical Connectors
Charles E. Riley, Kenneth W. Plunkett
Army Missile Command

Evaluation of Flat Electric Cable for Interconnecting System Components
P. Ardizzi
Naval Air Development Center

Connector Clip for Flat Conductor
Cable

Bill Olsson

AMP, Inc.

Flat Cable System Speeds Lightning, Power Retrofitting
James H. Plankenhorn

Specif, Eng.

May 1979, & pages

Under Carpet Power and Communication Wire System
James Fleischacker

AMP, Inc.

1975, 5 pages

Ribbon Cable Wraps Up Interconnection Problems
Bennett Brachman ~

Spectra Strip

December 1974, 5 pages

EPB - A New Approach for Terminating Flat Cable
Gerald C. Smith

Bendix Corp.

October 1973, 6 pages

New System Easily Forms Flat Cable Into Several Planes
William Crawford

IBEM Electrounic Systems Center

February 1974, 2 pages

Corona Evaluation of Spacecraft Wires and Connectors
W. G. Dunbar

The Boeing Co.

December 1969, 15 pages

Flexible Cable
E. Hungarter
IBM Corp.

May 1980
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e Flat/Ribbon Cable and Connector Systems
H. W. Markstein
Electronic Packing and Production
October 1979, 7 pages

Ribbon Cable Connector
J. B. Ramsden

IBM Corp.

June 1978, 2 pages

Electrical Comnecting Device
IBM Corp.
February 1978, 2 pages

The Flat Cable Wiring System Gains Ground
0. Woertz

Electro=-Rev, (Switzerland)

June 1978, 6 pages

; OTHER APPLICABLE REFERENCES

Coupling to Shielded Cables
Edward F. Vance

John Wiley & Soums

New York

1978

BUps—

Power Cables: Their Design & Installation
C. C. Barmes
Butler & Tanner
London
i 1966

High Voltage Design Guide for Airborne Euipment
W. G. Dunbar, J. W. Seabrook

AF APL-TR-76-41

Boeing Aerospace Co.

June 1976

Protection of Electrical Systems from EM Hazards - Design Guide - I
i D. L. Sommer :
Boeing Aerospace Co. i
October 1981 3

Electromagnetic Hazards

W. P. Geren, D. K. Heier, G. A, Hjellen, P. J. Leong, I. S. Mehdi :
Boeing Aerospace Co. if
; October 1980 N

t
i

Protection of Advanced Electrical Power Systems from Atmospheric i8
i
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Phase IV: Fiber Optic Interconnect System: Manufacturing Processes
for (MTP)

L. F. Buldhaupt, S. P. Sauve, 0. R. Mulkey

Boeing Aerospace Co.

June 1980

Wire and Circuit Breaker Guide for Electrical Design - Physical Properties
G. T. Gebhardt, E. C. Brown, M. R. Benson, M. H, Abrams

Boeing Aerospace Co. ~

June 1965

"Lightning Strike Threat Increases"”
Philip J. Klass

Aviation Week and Space Technology
Pp. 88-93

January 6, 1969

Cables and Comnectors for Large Space System Technology (LSST)
(Limited Distributionm)

W. G. Dumbar

NAS8-33432

Boeing Aerospace Co.

April 1980
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APPENDIX 8

FLAT CABLE CURRENT CAPACITY AND VOLTAGE
DROP COMPUTER PROGRAMS
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FigureB.1 Oblique View -~ Flat Conductor Cable

W = Conductor Width, Feet
Th = Conductor Thickness, Feet

Steady State Load Current, Amperes
R

[ =
Q = Rate of Heat Dissipation, BTU/HR-FT2 - °F

Insulation

FRTIRURYY

—————— N

T i e’
Q \ik\\\\\\Conductor

Figure B.2 Cross Section View - Flat Conductor Cable
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Thermal Energy Balance

Heat In + Heat Generated = Heat Out + Heat Accumulated
At Steady State,

Heat In =0

Heat Accumulated =0

Therefore,
Heat Generated = Heat Out (10
- Heat Generated = P = I2 R (2)
where
P = Resistance Loss, Watts
I = Load Current, Amperes ,
R = Electrical Resistance, Ohms %
Heat Qut = Q =HAs T (3)
where %
Q = Rate of Heat Transfer , BTU/HR 26
H = Heat Trapsfer Coefficient,ZBTU/HR FT° “F
A = Conductor Surface Area, FT 0
AT = Temperature Difference Between Conductor and Ambient, “F

Substituting (2) and (3) into (1), i
2R =HAaT (K (4)

K = Conversion Factor = .292875 Watt HR/BTU
A= 2(W+ Th)(l.O) (%)
where

w/Th = Conductor Width to Thickness Ratio

1.1
H h
R c 1

where

Radiative Heat Transfer Coefficient

=2
[ ]

Free Convection Heat Transfer Coefficient

=
[ ]

Insulation Wall Thickness, FT

< —~
-
[ ] L]

Thermal Conductivity of I[nsulation, BTU/FT
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T
1 1
Note: o+ —_—
KI << hR + hc

~
H'= hR + hC

L
R=27P I

where

4
"

Electrical Resistance, Ohms

<
]

Conductor Rasistivity, Ohm - Ft

—
]

Conductor Length 1.0 Ft

Conductor Cross Section, th

p -3
“«

Substituting (5), (6) & (7) into (4) yields,

2 (o) Garretyrroy) = (hg * M) (2 4+ 7))

Simplifying and solving for 1 yields,

1/2

1 = E1.1715)(w + Th)z (hg + ) (;T)]
(2)

(6)

(7)

AT (K)

(8)

This is for a single insulated wire; for a two wire system, the equation

development would be similar,

p = Do (1 + G(Tz - TO)

where

©
"

Resistivity at TZ’ OHM-FT

Temperature coefficient of resistance, ¢

Q
L]

©
]

Resistivity at To’ OHM - FT

—t
]

, = Conductor Temperature, O

—
]

Reference Temperature, ¢

(9)

-1

e b nebin e i
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PRUGRAM FOR CURRENT CALCULATIONS.
(WRITTEN IN BOEING INTELLIGENT TERMINAL SYSTEM (BITS) FORTRAN)

|
:
1
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NADC-82023-60

. il e o

character config¥l2
real rhoc )
dimension xsec (25)
OPEN(6,FILE = “PRINTER:”)
OPEN(7 ,FILE = “AWGDAT.TEXT)
I=1
READ (7,100)(XSEC(I),I = 1,10)
100 FORMAT (F7.6)
C RESISTIVITY OF COPPER @ 68 F (OHM=FT).
RHOC = 5,74E=-8
ALPHA = ,00214
emsl = .8
ems2 = ,8 |
cam = 2,0
1 IF (CAM .NE. 2.0) GO TO 2
CONFIG = “STACKED”
GO TO 3
CONFIG = “SIDE BY SIDE”
wtrato = 150.0
alt = 0,0
altx = alc * 1000.0
write (6,101) config,wtrato,altx
101 format (lx,///,”configuration = “,a,/,"w/t ratio = ”",£5.1,/,%alti
itude = 7,£8.1,/)
write (6,102)
102 format (1x,”ambient temp.”,3x, temp. rise”’,4x, cond. x=section”,
14x,%current”,/)
x = 1.0/emsl
: _ y = 1.0/ems2
i £12 = 1.0/(x + y - 1.0)
» = 10,0 ** (alt * (-.0189413))
tamb = 50.0
6 deltat = 50,0
tcond = tamb + deltat )
tmean = tamb + (deltat/2.0) r
rk = (133.0 + (.2355*tmean) + (4.605e=8%tmean)**2,77)*(1.0e~4)
a = (tcond + 459.6)/100 i
b= (tamb + 459.6)/100
ft = 0,172%(a**4 ~ br*4)/deltat
hrad = f12%f¢
x = tmean/68,7
y ®= 6.4%tmean + 1980.0

UL W N

R

7 is=sl
8 exsec = xsec(i)
cthick =( sqrt(exsec/wtrato))/12.0
5 cvidth = cthick * wtrato

cukf = x - 52,15 + 1.0e+6 /y

z2 ® 459,.6 + tmean

rhof = ,0862 * p * (460.0/2)

gTPT = 4.17¢+8 * deltat *(cwidth¥cam/2.0)**3 * rhof**2 * cukf/z
heom = ( rk * .81 * grpr*+*,25)/(cwidthvcan/2.0)

i (cam .ne. 2.0) go to 9

ss = cam * (cwidth + 2,0 * cthick) * 1,08

go to 10

e Aes i bl
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11

12

13

15

16

NADC-82023-60

as = cam * (cwidth + 0.5%*cthick) * 1,05
hovl = (hrad + 0.5 * hcon) * as

rl = (rhoc * 144.0)/exsec

r2 = r1*(1.0 + (alpha * (tcond =~ 68.0)))
amps = sqrt((hovl * deltat)/(6.82 * r2))
write (6,103) tamb, deltat, exsec,amps
format (4x,£5.1,10x,£6.1,10x,£7.6,8x,£6.2)
if (i .ge. 10)go to 11

i=is+]

go to 8

if (deltat .ge. 150.0) go to 12

deltat = deltat + 50.0

g0 to 7

if (tamb .ge. 350.0) go to 13

tamb = tamb + 100.0

go to 6

if (alt .ze. 80.0) go to 14

alt = alt + 10,0

30 to 5

IT (WTRATO .GZ. 200.0) GO 10 15

WIRATO = 200.0

GO TO &4

“if (cam .ge. 4.0) zo to 16

can = 4.0
GO T0 1
stop

end
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PROGRAM FOR VOLTAGE DROP CALCULATIONS (ALSO IN BITS FORTRAN)
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character config*l2

real thoc,MALD,LEN

dimension xsec (25)

OPEN (6,FILE = “PRINTER:”)
OPEN (7,FILE = “AWGDAT.TEXT")
is]}

READ (7,100)(XSEC(I),I = 1,10)
FORMAT (F7.6)

¢ resistivity of COPPER @ 68 f (ohm=-ft).

1

101

192

[N 8

rhoc = 5,.7%e-3

alpha =,00214

emgl = .8

ems2 = 8

cam = 2.0

wtrato = 150.

alt = 0.0 .
MALD = 1.0

config = “stacked’

altx = alt ¥ 1000.0

writa (5,101) config,wtrato,altx,MALD
format (lx,///,”configuration = °
ltude = °,£8.1,/,7AX. ALL. LIME DROP = 7 ,F3.1,/)
arite (6,102)

format (1x,”ambient temp.”,3:,"temp., rise”,4x, cond. z-section”,

l4x, curzent’,5x, "LINE LENGTH?,/)
x = 1,0/emsl

y = 1.0/ems2

fl12 = 1,0/(x + y - 1,0)

p = 10.0%*(ale*(~-,0189413))

tamb = 120.0

i=1

cs=s]

deltat = 100.0

exsec = xsec(i)

cthick = (sqrt{exsec/wtrato))/12.0
ewidth = cthick*wtrato

tcond = tamb + deltat

tmean = tamb + (deltat/2.0)

rk =(133.0+(.2355 * tmean) + (4.605e=8 * tmean)**2,77) * (l.e=4)

x = (tcond + 459,.6)/100

y = (tamb + 459.6)/100

£t = 0,172 * (xw¥4 - y**4)/deltat
hrad = £12 * ft

X = tmean/68.7

Yy = 6.4 * tmean + 1980.,0

cukf » x =~ 52,15 + 1.0e+6 /y

x = 459.6 +# tmean

thof = .0862 * p * (460.0/x)

grpr = 4.17e+8 * deltat *(cwidth*cam/2.0)**3 * rhof**2 * cukf/x

beon = ( tk * .81 * grpr**,25)/{cvidth*cam/2.0)
as = cam * (cwidth + 2,0 * cthick) * 1,05

hovl = (hrad + 0.5 * hcon) * as

rl = (rhoe * 144.0)/exsec

r2 = ri*(1.0 + (alpha * (tcond ~ 68.0)))

187
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i

amps = sqrt((hovl * deltat)/(6.82 * r2))
DELTAV = AMPS ¥ R2
_ LEN = MALD / DELTAV
write (6,103) tamb, deltat, exsec,amps,LEN
103 format(4x,£5.1,10x,£6.1,10x,£7.6,8x,£6.2,7X,F8.4)
DELTAT = DELTAT * 0.25
if (¢ .gt. 3) go to 5
C=C+1 i
go to & ;
S I=T1+1
iF (I ,LE. 10) GO TO 3
IF (TAMB .LT. 300) TH

TAIIB = 300 :
GO TO 2
ELSEIF (TAMB .EQ. 300) THEN
TAMB = 400
GO TO 2 y
ELS=E ~‘
IF (ALD .LT, 4) THEM 4
MALD = &4
GO T0 1
SLSEIF (MALD .2Q. 4) THIM
(ALD = 6
GO T0 1 ’ -
ZNDIF '
BDIF
step
end

s o

.l ol s da i g

Nompw?

188

pi————
TG -




NADC-82023-60

APPENDIX C

Worksheet for Weight
Tabulations and Component
Weight Estimates
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TABLE C.1
'COMPONENT WEIGHTS
HIGH AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPOSITE AIRFRAME

190

LENGTH {
CONDUCTOR OF EIGHT
SYSTEM COMPONENTS qry RUN-FT | QTY { (LBS) REMARKS !
T - !
- R - - - -, = ,
gagNgDc Insulated. Wire- z iz SO B z
< P - !
WIRE LARUM, = i -
[nsulated Wire- - i : D
| Coppep= 2 .3 e R
Insulated Wire- 2 7.0 7.7 ;%;; ::C::L; E‘ - j
r=_2:2 1.3 !
I SR - ;
Steeving IR
* Sleeving ¥
‘ Spislaing iz {k 22 ;—‘“ P
;Sh€e1ding Ferrules 2 i T.l
Terminal Lug - i 3.2
i ;
- :
: 159’:1\‘:8 - ; L3
| | a
' ! Conntr/Backsheil b .2 | Il
1amp 23 5.- | 3agCiozs-ls i
e = Q.7 I.=3% ;
Press. NS -;;-Zi' TLIL ..
Seal/Potting - - R
Terminal Block
RFI Stuffing Tube 1 2.5 f
Shield Plate 2 C.5 Td
i
M T L PeAasm 227

avaads YLaodbe = Jleo

———— e - 2 et - s
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TABLE (.2
COMPONENT WEIGHTS
MEDIUM AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPOSITE AIRFRAME

LENGTH
CONDUCTOR OF WEIGHT
SYSTEM COMPONENTS qQTyY RUN-FT | QTY 1§ (LBS) REMARKS
voC
gégND Insulated Wire-
WIRE AR
Insulated Wire- 2 =3 R R
CQQQQ!‘- e -
Insulated Wire- %
| Copper- ;
Sleeving : = :—:‘v‘ ':—f-ic.sz
Sizeving
i -
Dersqae b ol TFIT: TL Ozl AL
5.'!‘;‘-‘.“'2.."19 ; i I Doz .
L 1 ' 1
i |
Sniziding Ferruies i 2 .
i b .
Terminal Lug 2 T3
« Sglice
: /
| Conntr/Backshell : -
Clamp 32 C.7 !
Press. - - 3
Seal/Potting :
Terminal Block ‘ | 4
RFI Stuffing Tube 3
Shield Plate L] s |
! I
P
ICT4L WIZIGET = 22,3 f
!
191 | i
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TABLE C.3 g
COMPONENT WEIGHTS :
LOW-1 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPOSITE AIRFRAME

: LENGTH L
i CONDUCTOR |  OF EIGHT
! SYSTEM COMPONENTS QTY RUN-FT | QTY | (L8S) REMARKS

270 vOC
ROUND Insulated Wire-

AIRE LAbum,

smme, mA Se 3 cT_Te
P WS mv: ew &S L= la
= - epm- - ~e . -

Insulated Wire- 2 T, TLue T

!

T j

Caopper- 3 .. 3 !
i

{

l

!

i

)
(4]
(@]
.
.

Insulated Wire-

LCoppar-

2 Sleeving i

Sleeving

1 Shielding = Z.7

[AV)
O
[}

Shielding Ferrules

Terminal Lug ' j

Spiice ! i 4

conntr/Backshell Z eE :

-
= man amer 2
2A0C0020R-2A

Clamp 72

i

l

i

Press. i
! Seal/Potting ;
' i
!

Terminal Block

RFI Stuffing Tube

Shield Plate

TOTAL WEIGHT = 17.1

¥ 192
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TABLE C.4

COMPONENT WEIGHTS -
LOW-2 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPOSITE AIRFRAME

LENGTH
1 CONDUCTOR |  OF EIGHT
! SYSTEM COMPONENTS QTY RUN-FT | QTY | (LBS) REMARKS
| 70 VD
' §0UND ¢ Insqhted Wire- .
j WIRE -
Insulated Wire- 2 25 2.37 33231 70 1.275CCA1e Tt
| Copper= 24 o3
{ '
! Insulated Wire- f j
Steeving f
Steeving :
Shielding 23 Le23 g i?f:f f§-5'4 R ;
Shielaing Ferrules 2 | c.s ;
Terminal Lug :
!
Splice g i .
§ Conntr/3ackshell 2 Z.33 ; 1
Clam 23 2,04 Fule ! .
P ~CC1CDRS i
Press. : N
Seal/Potting _ : ¥
Terminal Block ! |
i | 4
1 RF1 Stuffing Tube ! §
: i
i Shield Plate ;

TOTAL W2IGHT = 1.%9

193
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TABLE C.5
COMPONENT WEIGHTS
HIGH AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN METAL AIRFRAME

= LENGTH L
& CONDUCTOR OF EIGHT
SYSTEM COMPONENTS QTYy RUN-FT | QTY | (LBS) REMARKS
SEIC: 20 E3 13-~C
210 o C | Insulated wire- 1 30 I e
WIRE AL o= o N | -
Insulated Wire- = 33 R e ::':il:--f )
| Copper- 5 .5
3740 20 ;3 lzaz: i
Insulated Wire- 1 7. 3.7 TY?; , Cln3l :
Copper- 23 5.3 |
1
Sleeving 77 S Il £‘=;'§::/;;;: -
Sieeving ;
i Shielding -7 ST B P
l -
| Shielding Ferrules 2 ce- x z
[
Terminal Lug = ez ;
! Sclice 2 - ;
‘ | Conntr/Backshell i SN e T :
,- 2 . i
Ciamp 2 1 =71 z.zciczsad :
TIAL S.o.: SaZo5el ’i
Press. : 53] rion FITTIn:. v il
seal /Potting 20D 26T 3I% 340 3u13 |
Terminal Block !
RFT Stuffing Tube 1 .3 i
Jd
Shield Plate
TOTAL wETIED = 27.4
}
194
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TABLE C.5
COMPONENT WEIGHTS
MEDIUM AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN METAL AIRFRAME

LENGTH
CONDUCTOR OF EIGHT
SYSTEM COMPONENTS qTy RUN-FT | QTY [ (L8S) REMARKS
VDC i
gggND Insulated Wire-
WIRE AR - '
. . FI%: TC ORI L33 [~
Insulated Wire- b 7 3.5 TURI I, CLall I : i
o D -‘-.u"
roasazeSas |
insulated Wire- |
| Copper- 1
. e 3PIC: 70 33 1z-3z I
Sleeving B TESe o TYRIOI, NUNMILI.m W33 i
Sleeving é
: Shieiding : <l P =TT 5
Shielding Ferrules 1oz ] j
Terminal Lug RIS ;
Splice é
Conntr/3ackshell 1 o=
I i
Clamp 52 | c.2 | Tl i -
St A= ;
1 -y
Press. ) . e . ' N
Seal/Potting - Je= Sk T Sah 2703 i 3
Terminal Block i ¥
{
RFI Stuffing Tube |
|
1 Shield Plate i{
¢
TOTAL SEIGHT = 3.9 J
1
, :
i
195
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TABLE C.7

; . COMPONENT WEIGHTS
- LOW-1 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN METAL AIRFRAME

LENGTH
CONDUCTOR OF EIGHT
SYSTEM . COMPONENTS QTY RUN-FT | QTY | (LBS) REMARKS

270 yDC
ROUND Insulated Wire-
L ARIM

WIRE

[{¥]
\Ye3
O
»”
[3¥)
1

+

'] m

Insulated Wire- 13 o .
 Copper- 2 5.3 SETm oy v

Insulated Wire-

L Copper-

Sleeving

Sleeving

£
»
Shielding ; :

Shielding Ferrules

Terminal Lug‘

' Splice

)

>
.
AV
s

Conntr/Backshell

-s ~ O .
Clamp 2| ¥*% 1 BACCLoDK-

Press.
Seal/Potting

Terminal Block

RFI Stuffing Tube

Shield Plate

.

TOTAL W4ZIGHT = 13.°2
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TABLE C.8
! COMPONENT WEIGHTS
LOW-2 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN METAL AIRFRAME
LENGTH '
CONDUCTOR OF EIGHT
SYSTEM COMPONENTS qQTY RUN-FT | QTY § (LBS) REMARKS
1 voC
% gggno Insulated Wire- !
i WIRE
! Insulated Wire- , TPSg.r 0
1 | Copper- =13 4G 1 38 025 | 81381/12-18-% ;
i i
Insulated Wire- ;
Copper- |
’ i
; Sleeving !
i
i B
i Sleeving j
; .
§ Shielding
i
1 Shieiding Ferrules é
Terminal Lug ;
Spliice 5 ]
Conntr/Backshell s P i ;
Clamp 28 | .02 | 32aI0102R6 ; ;3
Press. 3 ;.
Seal/Potting v .
Terminal Block
RFI Stuffing Tube i
Shield Plate i
I
i ;.
TOTAL WEIGET = .92 i1
|3
{
197




HIGH AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPOSITE AIRFRAME

NADC-82023-60

TABLE C.9
COMPONENT WEIGHTS

LENGTH L
CONDUCTOR OF EIGHT
SYSTEM COMPONENTS qQTY RUN-FT | QTY | (L8S) REMARKS
270 vOC
FLAT Insulated Wire- . cn v aaa
CABLE Adum,.3,35"%,225" z 31 =2e 120 5 “asving
Insulated Wire- .. - ,
| opparel,+1"'x,o0G" & 19 443 2CO ¢ Rating
Spece: tc > 13-Z28
Insulated Wire- . Speee! . .
| Coppare:2 3Jound 2 275 C.32 Joye I, Class 2
Sleeving
| Shielaing !
Shielding Ferrules !
2 Ca? lew
Lfenninal Lug {
{sD]ice N ~ . . - 2 pal s i’
1 - oY ~=p Termi-Fzoil
Corntr/Backshell . - s
1 1.3 lew= Tirewall
Clamp 48 3.4 Yew
Press.
Seal/Potting 1 Ne Yew
Terminal Block ' 0.4 Tew
RFI Stuffing Tube 1 0.6 Yew
Shield Plate N
1 0.3 JNew

TOTAL ‘Weight = 42,0
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TABLE C.10
} _ | COMPONENT WEIGHTS
; C . MEDIUM AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPOSITE AIRFRAME
LENGTH :
- CONDUCTOR OF EIGHT ]
SYSTEM COMPONENTS qQTY RUN-FT | QTY } (LBS) REMARKS ’
270 VOC
FL2T Insulated Wire-
CABLE |ANMDL
Insulated Wire- |
 Copper.T.41'2.009" 2 79 1C.2 | tew- 200  3ating f
Insulated Wire- Sreces to IS 13=-285 !
? - ar- g K 2 25 Qe | Toye 7, Tlzs3 I !
i . S 13-52 Tygpel !
» Sleeving a1 A1 | Teme ID = W75 !
E S]eeviné | j
% | - 1
! Shielding . o -
3 S Zer 4 lew ]
1 Snielding Ferrules ' : |
f Terminal Lug i :
‘ | ;
R
i Splice ! i
% | '
: ) Conntr/3ackshell 1 .4 o ,
|
Clamp 82 | Cus | ew ! g
3 5
Press. , | 3
Seal/Potting , 1 Jeg. Jaw i %
Terminal 8lock 1 0.1 Tew % i:
RFI Stuffing Tube ? |
) 7 |
Shield Plate 1 0.3 Yew ' !
: !
o |

TOTAL ‘Weight = 14,5
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TABLE ~ C.11-
COMPONENT WEIGHTS
LOW-1 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPQOSITE AIRFRAME

LENGTH
CONDUCTOR OF WEIGHT
SYSTEM COMPONENTS qQTY RUN-FT | QTY | (LBS) REMARKS
270 VOC ?
FLAT Insulated Wire-
CABLE LAkum.
Insulated Wire- . .
rnnag:- 1 '~..“ ~AS 2 94 llao 105 ° ..E-t..:‘.g
Insulated Wire- . “pec.s :0
_-Cer_ M - f-y's CQL :}IS l}-)l
4
leeving
i 1
Sleeving :
Shielding

- o~

Shielding Ferrules

Terminal Lug

_Spiice

Conntr/B3ackshell

Clamp

Press.
Seal/Potting

Terminal Block

RFI Stuffing Tube

Shield Plate

TOTAL Weight = 13,1
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TABLE C.12

| COMPONENT WEIGHTS
LOW-2 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPOSITE AIRFRAME
LENGTH [

CONDUCTOR OF LEIGHT
SYSTEM COMPONENTS - qQry RUN-FT | QTY | (LBS) REMARKS

270 VOC
FLAT Insulated Wire-

CABLE [ Alum.

Insulated Wire=

| Copper- +~7 *%+203"

Insulated Wire-

| Copper=1a .z

N
A
w

0.75 | Yew 1C5  Rating

oS

o\ §

[AV)
L ]

3
\n

Sleeving

Sleeving

Shielding

A7)
u

Shielding Ferrules ‘A -
2 «1C Yew

I
!
1
Termiral Lug f
|
|

Splice

Conntr/Backshell ) . !

h

3
Clamp 28 .07 243C10DR6 -

Press.
Seal/Potting

g -

Terminal Block

RFI Stuffing Tube

Shield Plate

-..-.-._....,.,,_...‘-.._.
Lo it R S el

TOTAL eight = 2,08




NADC-82023-60
TABLE C.13

COMPONENT WEIGHTS
HIGH AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN METAL AIRFRAME

_ LENGTH
CONDUCTOR OF EIGHT
SYSTEM COMPONENTS QTY RUN-FT { QTY r(Lss) . REMARKS
270 voC .
FLAT Insulated Wire-
CABLE ‘ an‘m T 1N ST Y - ~ Aoy 125 % ZTaedes
Insulated Wire- Speces e Hi3 i-c3
| Capper- =2 2ound i o5 242 IS LA xa3S3
Insulated Wire-
 Copper- 1,51, C0c" e ) 2.9 vew 200 0 esine
—nsulated \ire-
Jopter-2.3"x,019% :
p N -'S e -;; : -’—. ‘; E
1
| Sleeving BE 133 Trze Il :
Shielding ) o
= [ 2 . i
Shielding Ferrules |
2 :.-5 .‘e’l{
Terminal Lug |
i
Splice o §
Conntr/Backshell ;
’ 1 Lel Tew - Tirewall N
Clamp 63 S.s | Zew
i
i Press.
Sea]/POtting 1 RN Tew
Terminal Block
j
]
RFI Stuffing Tube
I 1 0.6 Jew l
Shield Plate
TOTAL veight = 2C.7
{
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TABLE C.l4

. COMPONENT WEIGHTS
MEDIUM AMPACITY CABLE RUN, INCLUOING COMPONENTS - INSTALLED IN METAL AIRFRAME
LENGTH

CONDUCTOR OF WEIGHT
SYSTEM COMPONENTS QTY RUN-FT | QTY | (LBS) REMARKS

270 voC .
FLAT Insulated Wire-
_ATum,

CABLE

[OEDRN SUE—

Insulated Wire-

[ rCm- le=1l"x,c00"

Insulated Wire- ipecet e

 Copper-=0 ound

- .. m~as A -

.—-J
\.
o]
.

L4
B
¥
i

[N

<

<

It
«t
!1

i3

[
.

Sleeving

[ B
b}
1

1

J
3
3

[}

Sleeving

0

Shielding ¥ v-=f

Shielding Ferrules

n

a2 oy

40 = -

Terminal Lug

Conntr;/Backshell

Clamp 62 Qo | New

Press. |
Seal/Potting 1 Teg. lew

Terminal Block 1 el | Yew

RFI Stuffing Tube

Shield Plate LA

TOTAL #3ICGZT = 7.0
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TABLE (.15
COMPONENT WEIGHTS
LOW-1 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN METAL AIRFRAME
LENGTH
CONDUCTOR OF EIGHT 3
SYSTEM COMPONENTS QTY RUN-FT | QTY | (LBS) REMARKS i
270 VDC ’
* | FLAT Insulated Wire-
CABLEZ  |Alum '
Insulated Wire- . E
| Copper-l,51ttc, 203" 2 o1 12,8 aw 123 7 Sazics :
- |
Insulated Wire- Srec.:to ZMS 13-:8 j
L Coppera+3 Jound 2 e cal Trse 2. 11335 2 t
|
Sleeving | ;
; A
Sleeving . i
Shielding
Shielding Ferrules
Terminal Lug
l !
Splice | ‘
Conntr/3ackshell . . J .
- - ’ :
Clam i
P 7Z '3.% ew ?
Press. ! :
Seal/Potting , :
Terminal Block . |
2 Q43 ew |
RFI Stuffing Tube 4 |
Shield Plate l
TOTAL WZIGHT = 12.9
204
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TABLE ¢.16

COMPONENT WEIGHTS
LOW-2 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN METAL AIRFRAME
LENGTH

CONDUCTOR OF ;EIGHT
SYSTEM COMPONENTS qQTY RUN-FT | QTY | (LBS) REMARKS

270 VOC ‘ .
FLAT Insulated Wire- . | :
CABLE [Aum .

Insulated Wire-

Copper-, 27 x 203 ) LES 2 o <

Insulated Wire-

Loppers=13 .3 : ] Ao b vR122Y /1298 0
-

2

n
(3
k.

)

)
¥
Ly

+

!
3

]

Sleeving

Sleeving ' ? 5

i Shielding :

Shielding Ferrules

Terminal Lug

Soiica

Conntr/8ackshell

-

Clamp - . f

.C { wew

h
(¢ 4]

Press. ‘
Seal/Potting _ i

Terminal Block i
2 o 17 ew

RF1 Stuffing Tube i

Shield Plate

LRTaSm

TOTAL #2827 = 1.2§
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TABLE (.17
COPPER FLAT CABLE WEIGHTS

6.0 MILS INSULATION, > = 1.78 g/cc

Conductor Conductor Conductor Tnsulation  Total
Aidth Thickness Aeight Weignht Weight
Inches Inches 1b/Ft 1b/Ft Tb/Ft
.378 .00252 .003671 .003635 .007206
.473 .00315 .005742 .004520 .01027
.535 .00357 .007361 .005098 .01246
.672 .00448 .01160 .006375 .01798
.832 .00554 .01778 .007867 .02563
1.270 .00700 .02833 .009899 .23822
1.412 .00942 .05128 .01327 .06454
1.779 .01136 .08132 .01ge69 .0¢801
2.242 .01494 .1291 .02101 .1501
2.798 .01865 .2011 .02619 .2273
3.103 .02069 .2474 .02%04 .2765
3.509 .02340 .3165 .03282 .3493
3.950 .02633 .4008 .03693 .4378
4.433 .02955 .5049 .04144 .5463
4.990 .03330 L5404 .04663 .6870

20§
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TABLE C.18
ALUMINUM FLAT CABLE WEIGHTS
6.0 MILS INSULATION, » = 1.78 g/cc

’

Conductor Conductor Conductor Insulation Total
Aidth Thickness Weight Weight Weight,
Inches Inches 1b/Ft 1b/Ft 1b/Ft
1.779 .01186 .02470 .01669 .04139
; 2.242 .01494 .03920 .02101 .06021
3 2.798 .01865 .06108 .02619 .08727
| 3.103 .02069 .07514 .02904 .1042
1 3.509 .02340 .09611 .03282 .1289
3.950 .02633 .1217 .03693 .1587
4.433 .02955 .1533 .04142 .1948
4.990 .03330 .1945 .04663 L2411

O e e

etk et rmedlas e
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COPPER OR
ALUMINUM CONDUCTOR
A/T = 150

3 LAYERS/SIDE £E.D
OF 2-0 MIL F.E-P-' séAéEé
T A .
POLYIMIDE INSULATION on SI3E 8
AND LARGER

(BOTH ENDS)

CROSS SECTION VIEW -
SIZE 8 AND LARGER FCC CABLE

2
M ,‘/

3 LAYERS/SIDE CQOPPER
OF 2.0 MIL F.E.P.- CONDUCTOR
W/T = 150

POLYIMIDE INSULATION

CROSS SECTION VIEW -
SIZE 10 and SMALLER FCC CABLE

FIGURE C.1

208
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1.0 MIL THICK
POLYIMICE

TOTAL THICKNESS
OVERALL DENSITY

FIGURE
TYPICAL F.E.P.-P.I.

209

n o
mon

2.0 MIL
1.78g/cc

€.2
INSULATION LAYER

MIL THICK
5

[PV —
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NADC-82023-60
2 2
2
> \ SUITABLE
' - PLASTIC
-—7 i i 1.3 g/cc

-t i
’
H ! e , ! 1]
| f - o - - .

h i bt = e ww o - o —

} | b - ! | i ‘_/,

. —— oL
) ! ! /’ '
i - ..-!-..../’ :

é < Z - :'.A:: /’

e 1

i i
FIGURE ¢€.3

FLAT CABLE TRANSITION TERMINAL BLOCK (CONTACTS NOT SHOWN)
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TABLE .19

TRANSITION TERMINAL

BLOCK WEIGHTS
Wire Terminal 1 Cond. 2 Cond.
Width Opening Block Wt. Block Wt.
In. In. 1b. 1b.
0.378 0.578 0.050 0.085
0.473 0.673 0.054 0.089
0.53% 0.735 0.056 0.092
0.672 0.872 0.060 0.098
0.832 1.032 0.066 0.106
1.050 1.250 0.073 0.115
1.412 1.612 0.085 0.132
1.779 1.979 2.097 0.148
2.242 2.442 0.113 0.189
2.798 2.998 0.131 0.1¢4
3.103 - 3.303 0.142 0.208
3.509 3.709 g.155 0.226
3.950 4.150 0.170 0.245
4.433 4.633 0.186 0.266
4.390 5.190 0.204 0.291
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IS 1710

A-MP* TERMI-FOIL*
HAND TOOLS

AMP

COUBLE-FACE DOUSLE~FACED DOUBLE-FACED N
TERMINAL TIRMINAL PARALLEL SPLICE DOUBLE-FACED s - !
. |
(LONG TONGUE PARALLEIL SPLICE ¢
.:/? A‘ e MU
2 ’,/3"5' b W/ FASTON® ~a53 g :
' 3 -9 o A ;’ ) :
. B -
2 - P9 A a ! s
. L T 1 2y 3 .
(.c e"' e .. e o= s o % o €. !
ST li - s’___g_}* \,‘..-—/ _ % !
.--”g oo*\_ i
Y16, A Fic, B) ‘F16, © @// i
COUSLE~FACES SINGLE=FACED DOUBLE-FACED CENTER ’ \\ ' ]
SUTT SPLICE TERMINAL OR END TAP TERMINAL (Fi16. H 2/1 ©
/ £ e N H
/ 3 3 4 = . - =
) & — i Y -39 SINGLE-FACED
3 . ‘3 - C IS H 3 = —
‘g Py ST : ) I 3UTT SPLICE
H L ‘__,_\a"/ g Y '
Ay ess - \L ‘(, d55_ %o
\,,/,4-—' (A BPEEN.- o o ;
iz, T i s, T Tig., F° s, G
[ e meer .. « P . o oD A e N o~ =~ = 4
I TEZRNMINVAC } NG, OF EO!I_ CRINIP TOSLING SCLISTRAND RIN'BINCTCCLZ
( < i = = NC. OF : —
. SR SPL_ICE Tigs = /HAND T hiraus oot ‘ ! ALTsanaTT Too
5 Dy |cRIMPS sHANS TOOL A ST7asn S1T | wime [Too [SRIEIMATI TSN
} P BART NO. e 89175=1 oR PwEu,  6175=D ¢ T = | " T s, TeaLeNEL. TooL
: sy = ‘ REQ T | fWiTH D1Es) CobE | Size | N& . |
'q & STYL:Z ! i T ooL HEAD $9253~1'INSTALLED | ; ' 59005 |, 9710
rf I ' ! . ' :_ ! 23224
e 50€a2 FIG, 2. E] 6917 7= | 69288-i o | 8 §93ss S
% | - : \ Siss
_‘_ _ 1322254 TIG, A i 591771 59288~ D 112210 lagaz| 320434 | 330333 )
2yl 1329228 7!G, E 1 8§3176=1 . . S 15=i4 i siss =iz3 3
t3| (329635 FiG.c 531771 T 59288=1 | O
£3|1329657 F16, 0 i 2 691771 | s9288-1 | D | i 1
= 1|13292860 FiG, A | 59177—I 6§9288-1 | DO | I6=14 | '
x| (330003 Fig. D 3 §3177=~1 69288~1 | O | I12=10 ! !
ne a i
1! (330002 =G, & 3 591771 59288—-1 | o | 12-1C 49935 370434 , 300523 _
: = cs
1311 (330005 Fig. = ) 691771 69288-1 D | 12-10 | S1Es c1es .
< 1)1330716 FIG. & ! 631771 5§9288=i ) 12=10 ! ' Lo
% ¥| [332063e(FiG. & 2 69176=1 69741 s —_— | —— ! ‘
i 332810 (FIG, M) 1 §9177=1 §9288-1 3 ' |
151 T USED IN PNEUMATIC TOOL NO, §9010 eMAX, FOIL THICKNESS , 013 !
bt |
1 2 | The Tools and Dies listed above are used to crimp A-MP I. PROCEDURE FOR HAND TOOLS
_J‘; Single and Double-Faced TERMI-FCIL Terminals and I.] INSERTING DiES :
g? : A e i o ' .
% § | Splices onto Foil . 301" to ., 030" thick. (3) To open Crimping Jaws, close Handlesuntil CERTI-CRIMP® L
] LA
3 3| Refer w0 the table to select the TERMI-FOIL Terminal ot Ratchetreleases Note thatonce Ratchetisengaged, Handles
© 1| Splice style o use. The table also contains informadon cannot be opened undl they are fully closed.

)

. AMP INCGRPORATED:
HARRISBURG, PAULS A

RELEASED

reladve to the number of crimps required for the TERMI-
FOIL Terminal as well as suggested tooling for Terminals
comalning the SOLISTRAND Wire Barrel,

Die insertion procedure is described in Para, 1 for Tool
No, 69178-1, which is soid without Dies If Dies are re-
moved from Tools §9283-1 or 69741 for any reason, make
fwe that they are (nstalled as described in Para. 11

‘y ” AMP

(b) Remove Roll Pins fom Crimping Jaws
(c) Place Dies in Tool Jaws and replace Roll Pins
NOTE: Each Die Set comsists of two halves See Figure 2,

Both halvesare stamped with Code Letters. Lerter “S™

¥

tifles Dies used to crimp Slogle-Paced Terminals Letter
"D~ identifies Dies used tocrimp Double-Faced Terminals
Be sure that Code Leters are located as shown in Figiure 2

PAGE | OF 4
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1.2 CRIMPING PROCEDURE

{3) For Single-Faced Terminals, completely cover lances w.tn
faik

s) For Double-Faced Termuinals or Splices. place Foul berween
Fices of the Terminal cr Spiice and squeeze Faces to-
gether manually, See Figure 3.

() Open Toci Hondles.

(3) Place Termiral ind Foil derwcen Dies. Mike sure Ter-
Tinal is comrletely covered bv Dies. See Figure 4.
NOTE Denet slice'vire Barrel of Terminal derween Zjes.

¢} Close Handies unul CERTI-CRIMP Ratcnet releases.

(i Remonve simpec Terminal or 3tlice fom Teel

TOoOL JAW

CRIMPING CIES

$TSP PIN

SQUEEZE FACES
TOGETHER OVER
FoIL

OOUBLE~FACED
TERMINAL

FiG. 3
PAGE 2 OF 4

213

(LONG TONGUE)

NADC-82023-60

NCTEZ: When crimping Doucie-Faced Long Tongue Ter-

ndinals, several cnimps will be necessary. These crim:os

should be made »1th 3 slighit overlap ro Mane certa1n 2ntire

Face :s crimped. Tatle on Page 1 lists number of
recuired,

srimrs
(g) The Terminals or 3plices, ~hen zorrectly <nmpes, w
apoearasinFizure 5 Terminaisar3spucesm:

801
4
on Foil at any aoplicable Dosition.

ce T

NOTE: 1iDiessreremcved iror Tociicrany recion, Ta-e

sure that ey zre reslaced with code ‘etters fac.n

el oot
as snown in Figure 4

1,3 WIRE BARREL CRIMPING
Crimo Termini, waoge 3ame. <0 Tagls Lmed ar P

TEeT .

or Tool wilh comparatle "

Sheets refesencec ot srocedure,
I.4 CRIMPING T20L MAINTENANCE

Neep ail Pins, Fivot Points and 3ear:iny suriacses udricates

with 3 good grade & A, Z, Noo 27 Miotor Qil

PRE=CRIMPED

LEAD™
/ .
/’ ~/ \ ‘
N = AL
DRV . LA - '
-~ ‘o
sooe > N
LzTozes 3 =

MAKE SURE o1
COVERS LANCES
AND SIES 20VzER

TERMINAL
Fig, 4
SINGLE-TACED TYPICAL
TERMINAL'_:k‘_\ CRIMPS
__.._4_'\-' ~\

/—- DOUBLEI=FACZD
== TERMINAL

DOUBLE-FACED
CENTER OR END
TAP TERMINAL

= DOUSLE-FACED
DOUBL E~FACED PARALL EL
TERMINAL

sSPLICE

SoUBLE~FACED
BUTT SPLICK

181710
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| NADC-82023-60

MOUNTING

MAKE SURE CSRIMBPING
JAWS ARE OPEN

2. PRCCEIZUREFCR PNIZUMATIC TOOL 33G10

2.1 CRIMPING HEAD INSTALLATION

{a) Makre cerzain Alr Su=zlv is disconnected. ‘ { y
CEUTION: DC NOT OPERATE TCCL WITHOUT HaVING i i

s P mPNEUMATIS
HELD [NSTALLID, 4NT LOCTICIEW TIGHTINED, '

TooL

Vet Je XS

(%) Remove Assem2iy Ping Jom Mounting Lugs as snown in
Figure 3.

(¢) Loosen Lock Screw :n Toggle Arm. Do net temove Lock
Screw,

(<) Pull Toggle A= forward as shown ip Figure 3.

(e) Insert Shank of Crimping Head all the way into hole in
Toagie Arm.

(f) Take up on Lock 5crew enough to hold Head in place.

(g) Align Head as shown in Figure 7.

(b) After Head is aligned, lower it to provide access to Lock
Screw on Toggle Arm. Tighten Lock Screw.

(1) Move Haad back between Mourting Lugs as shown inFig-
ure 7 and insert Asembly Pins. Do not connect airsupply
uptil dies are inserted. Always disconnect air supply
before insalling or removing Crimping Head ot Dies.

MOUNT ING
LUGS

LINKS

2.2 INsERTING DiES £1G. 7
(a) Remove Roll Pins, see Figure 3, from Crimping Jaws.
21
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i3 Place Ties in Jaws.

.C) Rediace Roil Ane,
NCTE: Zaex Die 3er commsts of Tag nalves  3ee Figure
3. 3ow talves are stamoed ~iin Code Letters, Letter 'S”
identifies Ties used tc crimp Single-Faced Terminais
Letter "D~ identifies Dies used to cr:mp Double-Faced
TERMI-FCIL Terminais  2e sure wmat Code Lerters are
located as shown 1n Figure 3.

{€) To temove Dies, remeve Roll Pins fom Ciimping Jaws,
then remove Dies fom Jaws.

A it sl e, .

NADC-82023-60

PRE=CRIMPED
LZAD

WIRE

MAKE SURE FQlIL.
COVERS LANCES
AND DIES COVER
TERMINAL

R Tt TN - Y R e - -
g ~JUl.eeralsl LlN2 e

(f) The Terminals or Splices, wien corectiv crimoed, wiil
appearas:nFigure 5, Terminalsor3ziices ma,
on Foil atany applicable rosition,

2.4 WIRE BARREL CRIMPING
Crimp Termunal Svire 3arel with Tools Listes on Page L
or Toclwith comparable "'w” crimp, 3ee instucicn 3heets
teferenced for procedure.

2.5 CRIMPING MEAD MAINTENANCE

2.3 CRIMPING PROCEDURE - Keep all Pins, Pivot Points and Bearing surfaceslubricated
(a) For 3ingle-Faced Terminals, completely cover lances with 2 good Frade S A, E. No. 20 Motor Cil
with foil
215
PAGE & OF 4 18 1710
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APPENDIX D

Flat and Round Barress
Reliability Calculations

214
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NADC-82023-60

.

Reliability Analysis = Flat Cable vs., Round Wire

NOTE: MIL~-HDBK~217C was the major reference for this amalysis.

A. 3asic information and calculations for failure rate of 2izgh
ampacity round wire naraesses,

1. Cable construction - cable is conventional round 'rire,
#1 AWG aluminun splicad to #2 AlUG copper, single
conductor in metal airframe, double conductor for
composite airframe, with 1 firewall connector (260 C}
and terminal lugs at either end.

2. Terminations used ~ Copper to aluminum splice dlock
Conventional MIL-SPZC firewall connector
Convertional MIL-SPEC ring~tongua terminal lugs.

3. Operating conditions,

Temperature ~ 250 C maxinum conducter temperature in
engine area; 200 C naximuz conductor tamperature
2lsewners,

Znvironmental sesvice ccnditions = Alrborne, uninnadited
Fighter (a,/)

Conpector mating/unmating = 5 cycles/1000 nrs

Terminal lug mating/unmating - 2 cycles/1000 hrs

’

4, Connectors - Crinop, =manual, standard gualicy facter

Calculation of failure rate due to conaector at firewall.

From MIL-HDBK-217C, Table 2.11.l1-l, "Prediction Procedure for Connectors”,

tae failure rate model for a mated pair of connectors is:

A= AG(TF xTp X7 ) Faruess/iof moues

where:
;14 = base failure rate for the parts
712: = factor for environmental service condition
775 = factor for the number of active pins
e =  factor for comnector mating/uanmating cycles

From MIL-HDBR-217C, Table 2,11.1-5, the value for at 260 C is
00646 failures/10 hours.

e g A e . Lt . e .
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NADC-82023-60

Values in this instance:

= 10.0 for A, * Ape

Then

g

Pe,

- Fal T I, )

Jhere:
Ag=
;;zr-
77;7 =
Ty =
Or

P

1.9

for 1 pin, 1.36 for 2 pins

Zor 0.5 = 5.0 cycles/10C0 lours

00646 (10 x 1.0 % 2.0)

.129 failures/10 G'nouz's

For aigh amp firewal conmnector nated pair ia =zetal

airframe (single pin)

.00845 (10 x 1.36 x 2.0)
0é

-
r ia2 ¢

Calculation of failure rate due to comnector, splicz

Contacts are 2 pin and sociket :criap tyge. Terx=ina
criap type ring tongue terminals,

Base failure rate = ,0002%/criap
Environmental factor = 8.0
Tool type factor = 2.0

Quality factor = 1.0

.00026 (8,0 x 2.0 x 1.0)

00616 failures/10° hours/crimp

el e

[}
[
O
[+4
o
(2]
4]
[
1
o
g3
(6]
o
o
1
[¢]
o
-
7]
4]
v
.

Copper to aluminum splice dlock is a two-ended criap bdarrel.

1 lugs are ccnventicnal

rom UIL-NDZX-217C, »age 2.13-1, the ccanection Zailure racz acdel is:

M hapan i O tRets ifagen -




Metal Airframe

NADC-82023-60

(.006167(6 crimps/wire)(l wire) = ,025 failures/lO‘ hours

Composite Airframe

(.00416)(5)(2 wires) = .050 failures/10% hours

Tor the mechanical compression stud~and=-nut contacts on the lugs, the failure
rate is assumed to be negligible,

eview of available literature and consultation with 3oeing reliadility
specialists indicate the failure rate of the wire itself is also negligidle,
due to the passive nature of the wiring.

-

3. 3asic Inforzmation and Calculations for Failure lats cf lledium

Ampacity Round Wire Harness

1.

)

a4 .

Cadle comstruction = Cable 1is convantional round wires,
#6 4G, with terminmal lugs at the jover rack
conventional MIL SPXIC connector on tie L.T.3.
tze wheel wvell, It is a onme wire syst2: in =2ta

g L N
b
AnC & TWOo ViT2 3¥SsSTem La Lomposite zlTITvamas,

Terminations Used - Conventionmal UIL-SPZC zcnmectior,
200 C conventional UIL-SPEC tersminal lugzs,

Operating Conditions:
-~ L4 .
Temperatura = 110 & zvarage conductor temperaturs

Zanvircamental Service Conditionms = Airborme, uninhabited
figater (5, )

-

~

Connector Yating/Unmating - & cycles/1000 hours

Connections = Criamp, manual, staandard gsualicy Ifaccer.

Calculations are similar to those for the nigh amp round wire; only the
numbers are shown here,

Connector Failure Rate Calculations:

Ae,

= 00450 (10 x 1.0 x 2.90)
= ,090 failures/lO‘ “Yours

For medium ampacity connmector round wire matad pair ia
metal airframe (single pin)

= ,00450 (10 x 1.36 x 2.0)

= 1224 failures/l10 ¢ hours

219
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et o e st 2 e’ 2. S

For medium ampacity connector round wire =mated pair in :
: composite airframe (two pin) :

Calculation of Tailure Rate due to Comnector Contact and Lug Crimp
Counections:

P = 30026 (3.0 x 2,0 x 1.2)

A
i = ,00415% Zailures/l0 *hours/crimp
detral Adirfranme

(.,004618)(2 crimps/wire)(l wire)

= ,00832 failures/10° hours :
Comrosite AirZranme
(.00516)(2)(2 wires)

rd
Al AA Saa S, !.“e v
L3138 Zfailures/iC Lours

]

As Zor the 1igh zmpacicy round wires, the fgilure races for tie zmecaznizal
ccmpression lug contacts and for the wire itself is assuzmed nezglizibla,
c. 2asic Information and Calculations Ior Failure Rate oI Low-1i

(15.75) azpacity Round Wire Harness.

1. Czble Coastruction = Cable is conventionzl round

4 wire,
=3 AWG, with counventional IL-32ESC connectors on tzoin
ends. It is a two wire system in botdh metal axnd
scaposite alrirame,

2. Terminations Used - Conventional MIL-SPEC connectors,

200 € rating

e s e 50 ekt e rms 1

3. Operatiag Conditions:
Temperature - 100 C average conductor texmperature

Environmental Service Conditions = Airborme, inhabited
fighter (., )

Connector Mating/Unmating = 10 cycles/1000 hours
4, Counections - Crimp, masual, standard quality factor
Connector Failure Rate:
;sj = (.00238)(10 = 1.36 x 3.0)(2 connectors)

= ,l118 failures/lo‘ hours

1
!

220
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NADC-82023-60

Due to low—l ampacity round wire harness connectors in both metal and composite
aircrafe.

Calculation of failure raze due to comnector contact crimp corections:

Ao= ,00026 (5.0 x 2.0 » 1.0)
e,

= 00312 failures/10 “hcurs/criap

(.00312)(2 criaps/wire)(2 wires) = ,0125 failures/lo6 nours

Due to crimped coanections on the low=l ampacity run ia >oth zmetal and
composite airfraames.

D, 3asic Information and Calculations for Failure ate oI Low=2
3.74) Acpacity Round liire Zarness

1. Cablz2 Comnstruction - Cable is
=13 AUG, with conventional HIL

ards., It is one wira svstex in 2
te a

w0 wire svstem ln coaposi

entional round wire,
ccnaecssrs on sScta
1 airirczzmes and z
a

z. Tarminetions Usad = vonventioneal HIL=-3FZC c¢canecters,
20C € racting.

3. Operating Ccnditions:

Temperature - 100 C averagge conductor temperaturs

avironzental Service fonditions = AlrSorne, inhabitad
igater (a-.)

ra

Connector ating/Jnmating - 10 cyelas/132C0 hourss
4. Connections - Crimp, manual, standard quality facter.
Connector Failure Rata:
Ap = (.00288)(10 x 1.0 x 3)(2 connectors)
= ,0864 failures/10% hours

Due to low-2 ampacity connectors in metal airframes.

Ae = (.00288)(10 x 1.36 x 3)(2 connectors)
= 118 failures/10° nours
Due to low=2 ampacity connectors in composite airframes.
Crimp Connection Failure Rate:

Ap, = .00026 (6.0 x 2 x 1)(2 crimps/wire)

221
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= 00626 failures/10° hours
Due to low=2 ampacity crimp connections in metal airframes.
= (.00624)(2 wires) = .0125 failures/10° hours

Jue to low=2 ampacity crimp connections in composite 2irirames.

. 3asic Iniormation and Calculations Zor Failure Rate cf Zizh azpacity

Flat Cable Harness

1.

Cable construction is flat ccnductor, flat cable, 1.3 izches
wide dy .0l12 inches thick copper spliced to 2.2%4 inchas

vide by .015 iactes thick aluminum., It is a cne wire svstan
ia metal air frames and a two wirea system in composite
airframes, with 1 firawall conneczor (28D ) and tarmizal
blocks at a2ither end.

Terminatioas Tsed - Copper o zluminum crizmp splica,

Operacing Cornditions:

Temperature = 280 C maxinum conductor temperature in
angine area; 200 C maxiaum coaducter tamperature 2lsewhere,

Connector atinz/Unmatiag - 2 eyeles/10C0 acurs
Terz=inal lug mating/unmating - 2 cycles/1000 hours

Connectors - All connections will be treated as criap,
manual, standard quality factor, for this reliabilicy
analysis.

Calculation of failure rate due to connector at firewall

(Same as round wire)

20 = 129 failures/lo‘ hours for high ampacity flac cable

firewall connector mated pair in a metal airframe,

= 175 failures/10% hours for high ampacity flat cable
firewall conmector in a composite sirframe.

Calculation of failure rate due to splices, terminal bHlock compression
contacts and firewall crimp connections,

All of the above areas will be treated as couventional rouund wire crimp
connections, due to a lack of available historical daca.

222
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NADC-82023-60 ’

anpacity round wire faiure rate calculations:

;La = ,0333 failures/lO‘ hours due to splices and

terminations on high ampacity flat cable harness
in a composite airframe,

‘2,3 = (.30413)(3)(2 wires)

2z 2

. s - 6
= ,006606 failures/l10 hours

Due to splices and terminals on 1igh ampacity £lat cable.

As with round wire, the reliability of the wire itself is assumed negligible.

. 3asic Information and Calculations for FTailure Rata of ‘edium
Ampacity Flat Cable Haraess

Cable Construction = Cable is 1.5l ZiIaches wide Sy .3C% lnchas
taick flat cable with a termiaal Slock 2t the sower rack and
a terminal dlock with a conventional (IL=-32=C connecter

az =ha L,C.S. sump in %he wheel well, It is a Jne wire
systam ia 2 netal airirame znd a two wire srvstaz iz 2

Terainations Ysed = Conventionmal !{IL-S2TC connector, 200 C,
Jadeveloped dolt-down compression contact termizal dlocks.

Operating Conditiouns:

Temperature = 120 C average conductdr temperature,

Eavironmental Service Conditicns - Airdorze, unianabited
fignter (A x)

Connector ilating/Unmating = & cycles/1000 acurs

Connections = All conmections will »e treated as crimp,
manual, standard quality factor,

Connector Failure Rate Calculatioas,

Ae = 00650 (10 x 1.0 x 2.0)

= .090 failures/10% tours

For medium ampacity flat cable harness connmector (mated pair) ia
2 metal airframe.

Ao = 1224 failures/10 ® hours
Py

For medium ampacity flat cable harness connector (mated pair)
in a composite airframe,

Calculation of Failure Rate Due to Comnector Crimps and
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NADC-82023-60

Terminal Blocks,
;55 s (,00416)(3 crimps/wire)(1l wire)
= .0125 failures/10”® nours

Jde to crimps and terminations on =edium amvacity flac cabdle
hdarness ia a metal airiraoe.

Ap, = (.00616)(3)(2 wizes)
= .0250 failures/10%° hours

Due to crimps and terminations on zedium ampacity flat cable
narness in a composite airfranme.

w
(o]
(a1
—
o
-
g
]
2o

3asic Informaction and Calculations Zfor Failure lat
Azpacity Flat Cable Harness

1. Cadble Construction = Cabls is 1.41 iaches wide Hv
209 inaches chiek flat cadla -rizh zarmizal Dlscis
and gconventional UIIL-32IC :cmnaciivs at ot o2nds. LI ol
2 two Wire systam 11 59ta zerfsl and cznmrosize sirirazas,
2. Termination Used - Conventional IL-S?PEC ccnnectors, 200 C

Undeveloped Solt-down :zozpression zontac: :t2r::iazl discis.
3. Jperatizg Conditions:

Temparature = 120 T average condustor temperatur2

Zavironmental service condictions airdorne, iaraoitad

Zizater (ag,)

Connector lfating/Tamating = 10 sveclaes/1CC0 hours

4, Connections - All zonnections will »e treated as crizp,
nanual, standard guality factor.

Connector failure rate = (same as low-l round wire)
= 118 failures/10° hours

Due to low~] ampacity flat-cable harmess connectors ia
both metal and composite airframes.

Failure rate calculations for crimped connector contacts and
terminal block contacts,

Ap = (.00416)(4 crimps/wire)(2 wires)
= .0333 failures/10° hours

Due to crimps and terminal blocks on low-l1 ampacity flat cable
harness ia both metal aud composite airframes,

224
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NADC-82023-60

a. Basic Information and Calculations for Failure Rate of Low=2
Ampacity Flat Cable Harness

l. Cable Construction = Cable is 0,47 inches wide by ,003
inches thick flat cable with terminal blocks and
conventional MIL-SPEC counnectors on voth ends. It

©is a one wire systex in 2 metal airirame and a two
wirs system in a composite airframe,

2. Terzinations Used - Conventional MIL-SPEC connectors,
200 C rating undeveloped bolt-down compression
type terminal blocks.

3. Operating Conditions:

Temperature ~ l0u C average conductor temperature

ntal Service Conditions ~ Airdcrze, inhabitad
)

"
§3e

o 1l connecticns will Ze tr2ated as ¢
standard guality faccor,

. -
B e nne

Tanua

‘0
-
.

0—‘0

e mad o

Connector Failure Rate = (saze as low=I rouzd wire)
2’, = ,0854 failures/10 nours

Jue to low=2 ampacity ZIlat cable zarness ccanactors
ia a =metal airiraxe.

211 = ,113 failures/1C~ nours

Due tdo low=2 ampacity flat cable raraness connectors in a
composite airframe.

Calculation of failure rate due to criaps and terminal 5locks,
(.30615)(% crimps/wire)(l wire) = ,0166 failures/10°% nours

Due to crimps and terminal lugs on low=2 flat cable haraness
in a :metal airframe.

(.00616)(4)(2 wires) = .0333 fa:lures/10° hours

OJue to crimps and terminal lugs on low-2 aapacity flat
¢sble harness in a composite airframe.
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NADC-82023-60

E.l High Ampacity Harmess - Round Wire Repair Tizes
f Time, Mimutes ]
etal Composite
A/c AlC
!}, Zxtract Harmess
(Ship to Facility) 100 120
2. Sleeve/Shield Pullback 5 3

3. Cut Qut Damazed Section
If Required 13 13

. Splice in llew Section

and Re=Iasulate 25 30

5. Replace Shield/Sleeve
(Recura to Airerai: 3 12
3, 2e=Iastall darness¥ 143 175
TOTAL 204 335¢

“These times have been increased by 23% over the manufacturing
times to allow for a non-production 2nvironmesnt.

[¢2]
(%]

ledium Ampacity Harness Round Wire epair Tizes

Tirme, :finutes
tletal  Composite

A/C AC
1. Extract Harness (ship to i 4
facilicy) 80 85
2. Sleeve/Shield Pullback 0 5 A
3. Cut Out Damaged Section
If Required 10 10
4, 3Splice In New Section
Re~Insulate 20 25
5. Replace Shield/Sleeve
(Return to Aircraft) 0 10
6. 3le-Install Harness* 81 95
TOTAL 191 240

( *These times have been increased by 251 over the manufacturiag times
| to allow for a non=~production environment,
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Renewal Time Estimates

High aAmpacity Harmess Flat Cable Renewal Tiame

Action
Cut CQut Q1d Harness
Installation of lNew Harness¥

TOTAL

Time, 'linutes
letal Composite

A/C A/C
30 100
174 218
254 318

E

*These times nave been increased by 25X over the manufacturing
times to allow for a non=-production 2nviromment

Medium Ampacity Harness Flat Cadle Renewal Time

Action
Cut Cut Qld darness
§

Installation of lNew larness®

TOTAL

*These times h1ave bdeen increased >v 237 over &2
tizes to zllow Ior a nom-production 2avironzent

Repair Time Zstimates

Tize, inutes
Veral Cenposice

+/C RS
55 33

118 149

133 234

e Jaauracelurin

qizh Ampacity Jarness ~ Flat Cable Repair Times

Action

Partial Zxtractiom
Shielding/Sleeve Removal
Separate Conductors;

Cut Qut Damaged Section

1f Required

Splice in Mew Section and
Re~Insulate

Replace Shield/Sleeve

Time, Minutes
Yetal Composite

aAlc AlcC
30 40
5 10
5 15
20 30
10 15
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Re-Install Harness 50 55
TOTAL 120 175
Medium Ampacity Harmess Flat Cable Repair Times

Time, Minutes
Metal Composite

Adction AlC alc
Partial Zxtraction 25 30
Shielding/Sleeve Removal 0 8

Separate Conductors; Cut Out

Damaged Section if Required 4 13

Splice in Yew Section

and Re-Insulate 15 15

X2place 3nield/3lazeve S 20

Re~-Iastall Haraess 43 30
TOTAL 39 148

Maintanance Cost Zstimates

. . . . 5 L
4igh Ampacity Round ‘iire Repair Costs/10 Flizat Hours

Zollars
detal Composite
Item aAlc Alc
Connector, Crizps and
Terminals Failure Repair .
Costsk, ¥ 5.6 3.1
Conductor Failure
Repair Costs#** .1 -1
Subtotal 5.7 8.2
+10% for Materials .6 -8
TOTAL 6.3 9.0

*Determined from failure rates in reliability analysis sectionm

*tAssuning a cost of $100/manhour for labor and overhead
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NADC-82023-60
E.8 Medium Ampacity Round Wire Repair Costs/los Flight Hours
Dollars
Metal Composite
Item alc Alc
1. Conrectors, Crimps
and Tarminals Failure ) ~
Repair Costs¥,** 3.5 5.0
2. Conductor/Failure Repair
Costs 1 .1
Subtotal 3.6 5.1
+10% for Materials c4 o3
TOTAL 4.0 5.2

*Deterzined from failure rate in reliability analysis seccion
**3ssumiag a cost of S100/manhour Zor labor and overhead

‘ i ; -1 - . - e o
=.9 ¥iza Ampzeizy FTlat Cable llziactenance Joscs/le :
Cotion 1, Harness lReaswal)
Cost, Dollars
fetal Coumposits
Item alc al/c
1. Connectors, Crizps and
Terminals = Tailure
2apair Josts 5.9 3.7
2. Complete Renewal )
of Harness-Manhours* i1 -1
3. 3arness Cost 1 -1
Subtotal 6.1 3.4
- . L
+3% for Materials .3 U
TOTAL 6.4 9.3

*Determined from failure rate in reliabilicy analysis section
**Agsuming a cost of 3100/manhour for labor and overhead
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Medium Ampacity Flat Cable Maintenance Costs/le
(Option 1 - Harness Renewal)
Cost, Dollars

Yetal Composite
Item A/C Alc
Counectors, Crimps and
Terminals=-Failure Rlepair .
Costs*,** 3.7 3.3
Complete Renewal ol
Harness=lianhours** 1 -1
Harness Cost -1 -1
Subtotal 3.9 5.5
+3% for Marerial Cost .2 .3
4.1 5.3

TOTAL

*Seternined from Zailure
#**Assuning a2 2ost of 5100/mannour Ior laber and

v - : - R
Ziga dmpacizy Tiar Cadle laepair Costs/lT T Tlishs
(Cption 2 = Ia-Flacs Conductor lepair)
Cest, Collars
tietal Composite
Iten A/C AlC
Conanectors, Crimps and
Terzinals Tailure 2eapair - < 5
COSCS*,"""’" J3.z 3.7
Conductor/Tailurs Repair , ,
Costs¥* X o .-
Subtotal 1.0 8.8
+15% for aterial i S
TOTAL 6.9 9.2

*Determined from failure rate in reliability analysis section
**A3suming a cost of $100/manhour for labor and overhead
***Does not include costs of methods and tooling development

R e "

rate in reliapilicy analysis section
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Hedium Ampacity Flat Cable Maintenance Coscs/lo5

NADC-82023-60

(Cption 2, In Place Repair)

Iten

Connectors, -Criaps and
Terminals Failure Repailr
Costs®,*%

Conductor/Failure Repair

Costs***

Subtotal
+15% for aterial

TOTAL

%*Determined froa {

s

-

‘Ls023

ace

#*%*\ssuning & ¢cst

iasclic

o Om

rlight Hours

Cost, Dollars

etal Composite
alc a/c
3.7 5.3
1 .l
3.8 5.4
) .3
A 5.7

liasilicy anzlysis s2ction
or labor axd ovsaraead

i5 and zcoiing isvelopment
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E.13 Sample Calculations for Maintenance Costs
a. Maintenance costs due to connectors

\l = Connector Failures/los‘hours

Hrs ) (lO0.0S
Failure Hr

Cost = (1,)(3.51 )

b. Maintenance costs due to wires

\2 = Wire failures/los hours

grs

_— +
Fallure)

Costs = (.3L)(\,)(2.0

C19) (v, (Repair Time Estimata)  (100.0S/Hr)
9.1 Flat Cable Harness Costs

Costs = (.19)7%,) (Procurement + Buildup Coscs)
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TABLE F.l

PRODUCTION EQUIPMENT COSTS

. Qty. Cost
1. Cut & Code Zguipment
a. Conrac modification for Zlat cadble 1 29,200
5. Hand cutters I 250 each 13 2,300
2. Stripper Zquipment
a. Automatic Abrasion Stripper 2 15,200%
3. Crimper Zquipment
a. 2ower flat cable crimper 4 20,200
5. fanual crinmpers 1 25Q =2ach 2 3,230
4, Torm 3cards/Tis Tables
3. Torm Secards-Zlat cabdble 25 3,28C
5., Tia tz2bisas 3 3,002
5. 5laevizg 2riatar Zquipment
a, Tlat cable modifications 1 10,300
6. Shielding Zquipment
2, Toil wrap macaine 1 13,2¢0
5. Tipe wrap nacnine i 12,387
Te liisczllanagous Zguipment
a. Contact insert/extract tools 10 3,300
- - . —s
3. Potting Iquipment
a., Tixtures & Yolds 4 2,3¢0
o. Test benches 1 5,000
9. Materials Handliag Equipment
a. Shelving 1 5,900
~ b, Part Carts & Trays 38 4,000
5145,000

#Stripper may not be required if insulation displacement terminations
are developed.
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TABLE F.2

PRODUCTION FACILITIZES COST

Production Set-Up Facilities Options

1, Sxpansion of an existing productiom facility into adjaceat unused areas
of 3000 sq. ft.

a. Refurbish cost with air conditioning = $180,000

b. Special alectrical = 9,000
¢. Air hook=-ups = 36,000
d., Z=xhaust hook=up = 4,000
e. CSaquipment installation =
f. Miscellaneous =

Approx, Total = 3230,000

236




NADC-82023-50

TABLE F.3

PRODUCTION TRAINING COST

Congractor Iraiming

A projection of training requirements for the size of production facility

and for the two proposed courses is tabulated below:

Personnel
Manufacturiag (aourly)
Quality Control

Sngineering
Supervision

TOTA
The above personnel and course requiremencs yield che
l. Approxinate nuﬁber of 24 hour classes
2. aApproximate aumber of 16 2our classes
3. Total classrodm hours
4, Total student hours
5. Course development aours

a. EZight hours per course zour for
19 aour course 3 x 1%

b. Four hours per course nour for
24 nour course 4 x 24

¢. Instructor preparation 8 x 16
d. Illustrations 26 x 6
6. Course maintenance

Course lenzth x 2 2% x
16 x

[N ]

Course Development Manbour Cost Goal

Course Development Dollar Cost Goal

237

24 hour 15 nour

100 10
10 10
- 25
12 15
122 50
followingz:

"= 12 classes

- 4§ classes

384 bours

3888 haours

- 128 hours

- 96 2ours
- 128 hours

- 136 hours

48 aours
32 kours

588 hours

$24,431
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NADC-82023-60
TABLE F.4
MANUFACTURING PROCESS FLOW TIMES (MINUTES)
i RUN - High Ampacity Run (W0294) ‘
Round Wire Fiat Capie
[tem Metal Composite Metal Comoosite

1. Wire measure, cut and code 0 20 10 22

2. Sleeving and snielding cut 5 5 3 5

3. Cable ends strip~* 2 4 3 6

3. Install shielding 5 5 15 15

5. Install sleeving 1 : 1 i

§. Form Soara layout 1C 13 2 S

7. Terminata firawall connector 0 15 20 i3
8. Terminat2 snizlaing 2nd sleeving _
at connector w2 jee! 20 2 !

9. Terminate cabies in zerminals 5 10 3 e
10. Terminate sleeving and shielding 10 10 ) ) :
il. Labels/oatches/zave Y 10 s, % %
2. Tast 10 13 190 i3 j
13. Pack and ship 19 i0 10 23 3

Total 38 130 1c9 142

*May be eliminated with insulation
displacement terminations
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TABLE F.5

RUN - High Ampacity (W0322)

MANUFACTURING PROCESS FLOW TIMES (MINUTES)

*May be eliminated with insulation
displacement terminations

239

Round Wire Flat Cabie
[tem Metal Composite Metal Comrosite
1. Wire rmeasure, cut and code 10 29 10 - 20
2. Sleeving and shielding cut 5 3 5 5
3. Cable ends strip* 2 4 3 A
4. Install shielding 7 7 15 15
5. Slide sleeving and oressure
bulkhead feedthru 1 1 i 1
i 6. Form board layout 19 15 10 1T
7. Pctting of buikhead Feedthru 20 20 20 22
3. Terminate snield at feedthry 10 10 10 i3
9. Terminate sleeving at faedthru 2 2 2 2
19. Splice copper %0 aluminum 8 186 5 e
11. Terminate firewall connector 10 15 10 15
12. Terminate sleeving and shielding 10 10 10 i0
13. Terminate cables in terminals 5 10 3 i
14, Labels/patches/tape 10 10 19 12
15. Test 10 13 0 i3
16. Pack and ship 10 10 i0 i0
Total 130 170 136 172

T IR LTI,
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TABLE F.5

MANUFACTURING PROCESS FLOW TIMES (MINUTES)

RUN - Medium Ampacity (W0844)

Round Wire Flat Cable
[tem Metal Composite Metal Compasits
1.  Wire measure, cut and code 0 20 10 12
2. Sleeving and snielding cut . 5 5 5 3
3. Cable ends strip* 2 4 3 6
4, Install shielding 5 5 13 3
5. Slide on pressure bulkhead
feedthru fitting ! 1 i :
8. Form board 1-yout 10 15 10 13
7. Potting of bulkhead feedthru 20 20 27 22
8. Terminate shielding at feedthru 10 19 10 w3
9. Terminate sleeving at feedthru 2 2 2 2
13 Terminate cable 5 10 3 10
1l. Terminata shieiding and sleeving 12 12 i2 2
12. Labels/patches/tape 10 10 10 2
13. Test 19 15 10 33
14, Pack and shio 10 10 10 0
Total 112 139 122 181

*May be eliminated with insulation
displacement terminations
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TABLE F.7
MANUFACTURING PROCESS FLOW TIMES (MINUTES)

RUN LOW 1 AMPACITY (W2443)

ROUND WIRE
ITEM METAL | CCMPCS:ITE

Aire Measure, Cut and Code 20 20
Cable tnds Strip= 4 4
First End Terminals 10 10
Form Board Layout 15 15
Cable Ends Strip 4 3
Second End Terminals i0 10
Labels/Patches/Tape 10
Test 15
Pack and Ship id

l.
2.
3.
4.
3.
3.
7.
3.
9.

I MY 1€ Sy e NRTIPTY. A ST s

*May Be Eliminated with Insulation
Displacement Terminations
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TABLE F.3
MANUFACTURING PROCESS FLOW TIMES

{MINUTES)

RUN  LOW 2 AMPACITY 9w0708)
ROUND WIRE SUAT CAZLs
ITEM METAL [ COMRCSITe TMETZL TIOMRPCSITE
1. Wire Measure Cut and Code 10 20 10 20
2. Cable End Strip* 2 4 3 6
3. first End Terminals 5 10 5 10
4. Formboard Layout 10 15 10 15
3. Cable Znd Strip 2 4 3 5
o, Second End Terminals 5 jRe] 3 M)
7. Labels/Patchas/Tape 0 10 19 Js)
3. Test 10 w3 9 g ,
3. 2ack and Snig o] 23 .C 2 ;
TOTAL 64 98 66 122

*May Be £liminatad With Insulation
Displacement Terminations
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i TABLE F.9
' MANUFACTURING PROCZSS FLOW TIMES (MINUTES)

INSTALLATION TIME 4
RUN HIGH AMPACITY

[RERp—

ROUND WIRE rLAT CABLES J
{TEM METAL | CCMPOSITZ IMETAL [CCMPOSITE
Aing Operations (W0322)
1. Feed Cable Thru Bulkhead 10 11 10 12
. 2. Route and 8end Cable 10 12 13 29
3. Attach Clamos 15 20 135 20 '
4. Ground Shields 5 5 5 5 ’
5. Terminate 8raid 2 2 2 2
&. Mount Connector (Firewall)] 5 5 5 5
7. Mount Potting Seal 5 5 3 3 !
j 3ogy Operaticns 63322}
: 1. Route and 3end Cable 15 20 20 25
' 2. Attach Clamps 5 10 3 13
3. Mount Terminal Block -- -- 5 7
4. Fasten Terminals 5 7 5 7
Sngine Cperations {W0294)
‘ 1. Route and 3end Cable 15 20 29 25 f
2. Attach Clamps 5 10 5 10
3. Mount Terminal 3lock -- -- 5 7
4. Fasten Terminals 5 5 7
! 5. Ground Shieid 5 5 5
f 6. Terminate Sleeving 2 2 2
7. Ground Generator 5 -- 5 --
8. Mate Connector (Firewall) 0 0 0 Q0
: TOTAL
!
!
!
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TABLE F.10
i MANUFACTURING PROCESS FLOW TIMES (MINUTES)
{ : INSTALLATION TIME
RUN MEDIUM AMPACITY
ROUND W1RE FLAT fiaLt |
, ITEM METAL J CLMPGSL.2 IVETAL JLLre08.os |
Fg 3ody QOperations (W(844)
: 1. Feed Cable Thru Bulkhead 10 11 10 12
§ 2. Route and 3end Cable 10 12 15 20
‘ 3. Attach Clamps 15 20 15 20
4. Feed Cable Thru Floor 3 3 3 3
Wheel ell Qperations {W0844)
5 1. Route and 3end Cable 7 7 10 i3 |
2. Atzach Clamps 1 1 1 : *
1. 3round Shield 2 2 2 2 |
4. Terminate 3raid 1 1 L ! ;
5. Mount Potting Seal 5 5 5 5 i
§. Mate Connector 0 v 0 ) |
7. Mount Terminal 8lock -- -- 5 7 '
8, Fasten Terminals -- -- 3 1 i
Zquipment 3ay Coerations (4C843) i
' 1. Route and 3end Cable 10 12 15 20 i
2. Attach Clamps 1 1 1 1
3. Mount Terminal 8lock .- -- 5 7 .
4. Fasten Terminals -- -- 3 ) -
5. Mate Connector 0 J 0 0 ¥
I3
TOTAL 65 75 94 119 .
H
i
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TABLE F.11
MANUFACTURING PROCESS FLOW TIMES (MINUTES)
INSTALLATION TIME
RUN LOW 1 AMPACITY '
R0UND WIRE FLAT CASLE
ITEM METAL T COMPOSITE (METAL | C0MPCSI7E
Body Operations ('W2343)
1. Route and 3end Cable 20 25 25 30
2. Attach Clamos 15 - 20 15 29
Rear Equirment Bay Operations (W2343) ]
1. Route and 3end Capile 5 7 10 12 |
2. Mount Terminal 3lock -- -- 3 7
3. Fasten Terminals -- -- 3 4
1, Mate Cannector 0 0 0] J
£3 Danel Cperaticns (W2343)
1. Route and 8end Cable 5 7 10 12 i
2. Mount Terminal 3lock -- -- 5 7
3. Fasten Terminals -- -- 3 4
4. Mate Connector 0 0 J 9 1




RUN

MANUFACTURING PROCESS FLOW TIMES
INSTALLATION TIME

LOW 2 AMPACITY

NADC-82023-60

TABLE F.12

(MINUTES)

ETAL |

T ]
8ody QJperations (W(708)
Route and 3end Cable 15
2. Attach Clamp 7
3. Feed Cable Thru Floor 2
Zcuicment 3ay Jperations (W0728)
1. Route and 3end Cacle 10
2. Attach Clamo 2
3. Mount Terminal 3lock -
1. Fastan Tarminals } --
5. Mate Connector ‘ 3
23 9anel {oerations w(708)
1. Reu*e and 3enc Cable 5
2. Attach Clamos 2
3. Mount Tarminai 3l0¢K --
1. Figtan Tarminais --
3. Mate Connector 3
TOTAL 13
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‘ TABLE F.13
‘ COMPONENT COSTS

HIGH AMPACITY CABLE RUN, INCLUDING COMPCNENTS - INSTALLZD IN COMPOSITE AIRFRAME

LENGTH
CONDUCTOR OF
SYSTEM COMPONENTS Qry RUN-FT | Q7Y 1 COST REMARKS
270 NDC j
FLAT Insulated Wdire- 5 e 35,3 -
CABLE HIT IS5 ol - - St =
Insulated Wires. ., 5 ~c . .
Capper- =t & *~*- - - ot =
Insulated Wire- SpeesTo 23 S-3.
Copper--=2 Zound 2 P 23 Tows T, tl=zss T
Sleevfng '
Sleeving T3 o To2f irac.e: T IS S E
| Shialding - ! AT INE: |
i : ‘ :
Shielding Ferrules L i R |
Terminal Lug E
[
Splice 2t 5.0 | .=z Tarmiorsil (
Conntr/3acksnrell IR ’
| 1 f* l
Clamp 56 | 3.3 sew
| Prass. ) I .
Seal/Potting - Tel | wEW
Terminal 3lock
RFT Stuffing Tube . N ;“
Shield Plate . 4
1 ).v 8N ¢S
1ad

TOTAL COST = 21,0

ot
jable to DTIC does ™
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TABLE F.14
COMPONENT COSTS
MEDIUM AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPOSITE AIRFRAME

e s

LENGTH %
CONDUCTOR CF 4
SYSTEM i CCMPONENTS qQTY RUN-FT | QJTY { COST REMARKS ‘
279 CCy . o
FLAT 1NSUIatag Wirae-
1.
CABLZ =
Insulated Wire-
CDQD"‘— l.?l:(°::9” ‘ E 9 -;3.1 ..'E'.v
. 3zece: ¢ ZhZ 13-30 :
Insulatad Wire- 5 o S o . |
. fanpar. -© Icunt ! 2 o2 ~e3 Jzre I, 212353 I .
!
c.2 T 3.3, Toema T ;
Sieeving ’ el T LTI il ot
! ' ez I o= LT }
!STeeving |
: :
Ve ; i
I Shielaing ’ ~- RIS
ens L. ! i
Snielding Ferrules - - - :
’ ? < - = W {
. ! ; |
’ Terminal Lug f ’ r :
§ 1
lSp1ice .
i T ] : : f
! Conntr/2ackshall i ; I i
f
C'lamp Za z - 3.3°10035
Press., \ 2oal ey
Seai/Potting - o =
Terminal 3lock 5 a2l vew
AFL Stuffing Tute
Shield Plata 1 2.3

TOTAL COST = :s2,3
JopY available to DTIC does not e

permit fully legible geprod
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NADC-82023-60
TABLE F.15

COMPONENT COSTS

i
LOW-1 AMPACITY CABLE RUN, INCLUBING CCMPONENTS - INSTALLED IN COMPOSITE AIRFRAME g
|
LENGTH ;
CONDUCTOR OF i
SYSTEM COMPONENTS QTY RUN-FT | QTY | COST REMARKS :
270 0C . s
FLAT Insulatad Wire-
CABLE Lun
Insulated dire- N s nan | cea !
AnnETr~ -.o'; €2CS 2 7L 2iZe= 2 :
5 e 3pecy =S li.ZL
gnsulated Jiress 2 .75 1.3 :
. ! :
!
Sleeving | ;
Sleevirg 5
j ! )
Shiglaing B l T B ;
e e = . i i : ‘ , 4
Shieiding Ferruies ‘ - [ 1.1 o i ;
|
Terminai Lug [ §
!
Splice
{ .
Conntr/3acksnell z 2“.3 é
Clamp 7z 3.4 220010336
Press,
Seal/Potting
Terminal 3lock 2 10,2 ol
RFI Stuffing Tube
Shield Plate
TOTAL COST =2¢4,3 3
29 - FRRCRUO RERE
Tepy avGhaoes b o "
permit fully logiblo reprodurtioh ;
i
14




NADC-82023-60
TABLE F.16
COMPONEST 23STS
LOW-2 AMPACITY CABLE RUN, INCLUDING ...:PONENTS - INSTALLED IN COMPOSITE AIRFRAME

|

LENGTH
CONDUCTOR JF
SYSTEM COMPONENTS QTyY AUN-FT | QTY | COST REMARKS

270 v0C L |
SLAT [nsulatad Wire- .
casLz S ;

Insulated Wire- - z -
Lopners W7, CR N - =o'

Taw i

v s 3reg.: T3
Insulated Wire-
faprare =13 Seond | z .2 W2 b IITSCCaTENIIUIC

Sleeving

(¥4]

Sleeving ! i
¥
nialsing i

Shielding rerrules

Wb

Terminal Lug !

Splice

-

Conntr/3acksnall

Clamp 2 2.0 zzasllims

Press.
Seai/Potting

Terminal 3lock

~n
w
.

N @ NN
.
e
1)

x

RFT Stuffing Tude

Shield Plats

-
LXS

-

available to DTIC does not ' TOTAL COST = 339,2

::::x fully Jegible reproduction
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NADC-82023-60

TABLE F.17
COMPONENT COSTS

HIGH AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPOSITE AIRFRAME

o

LENGTH
CONDUCTOR OF
SYSTEM COMPONENTS qQTY RUN-FT | QTY | COST REMARKS
70 VOC Seam . kA AVvT 1z
FZ{ClJUND Insulated Wire- R o e A Spece: to 3 13-33
NIRE A}UFL AR < iV} —-lo e\
Insulated Wire- e von | S®ECer SC T3 3.0
Cannar. & ~id 2 E “ilaw
Insutated dire-
Connars
322c,: tc M8 13a%2
Sleeving _— . - - - - -
: ~sl - T8 . Cl o ™ ... !
Sleeving i ;
Shielaing D328t 38 Lo Tol |
Snieiding Ferrules i ]
el ?3 q
| k|
Terminal Lug . . , f
: L 1,.3F
Splice ! ‘
z P ) 1
Conntr/Backshell . o ; 1
Clamp .
23 Z0,=1  2.071CIF7 - 1°
Press. 3eal PN 3.0 3% lylen
Seai/Potting 1 -z
Terminal Block
RFI Stuffing Tube T o
Shield Plate 1 5.0
TOTAL COST = ac s
251 Copy available 1o DTIC does not

Q‘lble reptod“(’ﬁon

permit fully le

o . .
AT L7 30NF il
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NADC-82023-60

TABLE F.l18
COMPQONENT COSTS

MEDIUM AMPACITY CABLE RUN, INCLUCING COMPONENTS - INSTALLZD IN COMPOSITE AIRFRAME

SYSTEM

COMPONENTS

LENGTH
CONDUCTOR OF

qQry RUN-FT | QTY

REMARKS

270 0C
ROUND
WAIRE

Insulated Wdire-
iy,

Insulatad Wire-
Copner- = 243

[£V)
[T

Insulated Wire-
Copner-

Sleaving

T

Sleeving

| Shialding

Shielding Ferryies |

Terminal Lug

‘Sp1ice

Conntr/3acksnell

Clamp

1

Press.
Seal/Potting

Terminal B8lock

RFI Stuffing Tube

Shield Plate

i)

N




NADC-32023-60
TABLE F.19
COMPONENT COSTS .
LON-1 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPOSITE AIRFRAME
LENGTH

CONDUCTOR oF
SYSTEM CCMPONENTS QTY RUN-FT | QTY REMARKS

270 vbC
ROUND Insulated Wire-
WIRE Alum,

Insulatad Wire-
Copmer- * =

Insulated Wire-
Copners

Sieeving

Sleeving

Srialaing

Snieiding Ferrules

Terminal Lug

Splica

-~

Conntr/2ackshaill

Clamp

Press.
Seal/Potting

Terminal 3lock

RFI Stuffing Tube

Shield Plate

TOTAL COST =:22,3




NADC-82023-60

TABLE  F.20
COMPONENT COSTS

LOW-2 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN COMPQSITE AIRFRAME

SYSTEM

CCMPONENTS

CONDUCTOR
Qry

LENGTH
OF
RUN-FT

QY

REMARKS

270 V0C
ROUND
AIRE

Insulatad Wire-
Alym

[}¥]

coemw = e

Insulated Wires-
Copner~

Insulated Wire-
. Copner- |

Sieeving

if
! Sleeving . ]

Shielding P

Snielding Ferrules = -z

Terminal Lug

Splice

' Conntr/Backsheill z -l

1o
a
) oo
)

Clamp : e ;

Preass. §
Seal/Potting f |

Terminal Block

RF1 Stuffing Tube . i

Shield Plate

n

TOTAL COST = ~7-

A g 1

covl ot -
gt & 254 |
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NADC-82023-50

TABLE F.21
COMPONENT COSTS

HIGH AMPACITY CABLE RUN, INCLUDING CCMPOMENTS - INSTALLED IN METAL AIRFRAME

LENGTH
CONBUCTOR OF
SYSTEM COMPONENTS qQTY RUN-FT [ QTY { COST REMARKS !
270 VGC .. ool 5
FLAT Insulatad Wire- - sl 3.2 2. !
CABLE’ lym, Z.2-"L.Il30 i
Insulated Wire- : B =10 2 i
Corper-_. :f.":cl Ry !
Insulated Wire- : Tz 3.0 ~‘i: ;.:ézzég DT E
Coppar. =2 sgund !
I
Sleeving %z -e= ;:e-:.?:‘r 2= L.IT !
Sleeving z ! I.F lim: 23 3o
Shielcing Il B To:r IIZ
Shielding ferrules = -:7 J
Terminal Lug }
Splice Z z.3 ‘e |
Conntr/Backshell B
Clamp SR o 2 !
Press. - g,z o 2
Seal/Peotting i
Terminal 3lock 2 |13 Mew ;
RFI Stuffing Tube : 7.8 liew |
Shield Plate
TOTAL COST = 27-.-
255 . e WO Dl 000S not
CopY Onggleqnﬂg gopr




NADC-82023-60
TABLE F.22
COMPONENT COSTS
MEDIUM AMPACITY CABLE RUN, INCLUDING COMPONENTS - IMSTALLED IN METAL AIRFRAME

LENGTH
CONDUCTOR OF
SYSTEM COMPONENTS QTyY RUN-FT | QTY | COST REMARKS
270 uDC . |
TLAT Insuiatad Wire- {
. capLe LAlum,
: Insulated Wire- - 5 5. 2
z ‘_mnir--.—- hcoua
i . - - lpec. o 2 LI-FL
] Insulated Wire- - : <7 :?fe - Class T
l COQDQF- 27 agund
i |
[T T XY Teewn - |
Steaving 2 2.2 ’ ‘ug B :; v - E
j Sleeving '
| Shielaing : B T
i a ;
H |
' Shielding Farruias | : i 2 o é
i [
] Terminal Lug ’ ’
| .
i Splica ! !
E | Conntr/3ackshell | i S i ;
d ! { H
Clamp 32 [ R I t-T |
i
|
Press. . z,- ‘an, i
Seal/%otting - | {
Terminal 3%ock 2 2.3 sew
RFI S:tuffing Tube
Shield Plate '
|
oot TOTAL COST = 135,35 ;
c’apnﬁ o ‘
op\e v*&“&
qa102 e 1°
so98 tny 1 . )
x> - !

(3]

v

(o))
e




NADC-82023-60

TABLE F.23
COMPONENT COSTS
L LOW-1 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN METAL AIRFRAME

ALty i inin & ik RDRA N L Gt

LENGTH
CONDUCTOR QF
SYSTEM COMPONENTS Qry RUN-FT | QTY | COST REMARKS

¢ iR

s 270 VOC i
, TLAT Insulatad Wire-

CABLE [Alum. .
Insulatad Wire-

. . ‘
. N~

Copperecs=t X .ooF

(3]
'Y
(RN}
2

<,

i
1

P L8 b ANl 42D M

Insulated Wire-
fapnar- =3 3cund

A m—— e et e s el -

Sleeving ! :

Sleaving

Shielding ' !

Shielding rerrules

1 Terminal Lug

Splice

Conntr/Sackshell

(19)
1

i
.
¢

Clamp 72 3 i e

Press. !
Seal/Patzing !

Terminal 3lock vew

[\V)
2

9
(9}

RFI Stuffing Tube

Shield Plate

TOTAL COST = =-%.3
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NADC-82023-80
TABLE F.24

COMPONENT COSTS

LOW-2 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN

METAL AIRFRAME

SYSTEM

CCMPONENTS

CONDUCTOR JF

Qry

LENGTH

RUN-FT | QTY

CosT

REMARKS

270 oC
FLAT

¢a3Ls

Insuiated Wire-
lum,

Insulated Wirs-
Loppare 7w o3

Insulated Wire-
Copper- s =

Sl2eving

Sleeving

Shialding

et e - e
Shig2iding Farryies |

Terminal Lug

Splica

Conntr/Sackshel)

Clamp

- = mAsa-az
Lo P e Py

Press.
Seal/Potting

Terminal 8lock

RFT Stuffing Tube

Shield Plate

Cowt

e

o8t
vu"‘K:oéﬂ‘“gb

ere e 7

oot

TOTAL COST = 382,:




NADC-82023-60
TABLE F.25
COMPONENT COSTS

HIGH AMPACITY CABLE RUN, INCLUDING COMPONENTS

- INSTALLED IN METAL AIRFRAME

LENGTH
CONDUCTGR 0F

SYSTEM COMPONENTS Q7Y RUN-FT | QTY | CCST | REMARKS ’
270 uSC i i
0uND | [nsulated Wire- 5 ‘- B |
aire pAlume s 3 —E ;
Insulated Wire- Izscas o NI lRL:L !
Copmere=> . = . 2= 33a00 Tome DL Tlass ‘
Insulated wira- i
Lognar- '
~— . I12¢,: To NI LIe7E ;
Sleeving Sl e I nios nL i

Sleevi ‘ | | ;

eaving f ! . !

E i :

Shiaicing P O

! Shielding Farrules - I :.:i é
Terminal Lug - i 3._t i

Splice

Conntr/3acksnail

Clamp

Prass.
Seal/Potting

Terminal Block

RFT Stuffing Tube

Shield ?late

TOTAL COST -,

Py
4::0.3

C:py avuauubiv 10 DIIC does Dot

pemit fully legible reproduction




MEDI

NADC-82023-80
TABLE F.25
COMPCHENT COSTS

UM AMPACITY CABLEZ RUN, INCLUDING CCMPCNENTS

Ty

STALLED IN

METAL AIRFRAME

e

- ait
P '
LENGTH I
CONDULCTCR GF |
SYSTIM | CCMPONENTS T RUN-FT § QTY | COST REMARKS i
- : )
200 0RC L ! |
LMD :{YSUI&.:.‘ Aira- i |
WI3E S :
- ! Iezg B R ’
Insuiatad Aira- ; \ p I
Camnar.. 2 - = ¢ < 2 Sl ;
| ;
Insulataa Wire- ?
Lopoar. | i
;
3pac.: SC T Oli-Z2 :
Sleeving 3 { 2.2l e I, Uz IDo= L.I7 '
[ mn . i l i |
Slaeving ; ‘ | :
! - t
|
i Shi2lzing bo-p2zer sz 2l TLIS
Snielding Ferrulas - 1.3 .
is :
- : i i i
{ rerminal Lug { | ,
D et i
j Spiice :
1 Al t
! ; :
} Connsr/Sackshat < -tz
— t |
| Clamp Az ! T a s ;:,;:.‘\_ _
2 Tl 3AlllE
| Prass, . R |
Seal/Potting Zelj Zes SIS ;
!
Terminal 3lock i
+ 4
RFT Stuffing Tube
Shield Plate
gt TOTAL Q38T = 1-3,7
.. ae%’,
AW oa\yﬂmg
W0 7 1
AP . 1‘3?
R X
gl V-1




¢ NADC-82023-60
TABLE F©.27 ;
COMPCNENT £0STS 4
LOW-1 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED IN METAL AIRFRAME
LENGTH | |
CONCUCTOR OF
SYSTEM CCMPCMENTS QTyY RUN-FT | 4TY oSt REMARKS }
270 vnc) L |
20UND Sgsu.a.ed Nire- ) i |
WIRE T ; . !
Insulazad Wira- . 2.2Cer ST OZMI LI-Zl § H
Copperess 3 - 23 STt
Insuiatad Wire- '
Racpar- :
, : ,
§ 3
' {
Sleaving i ! i ;
! ? : | ? } :
1 i H H
Sleeving i | i i
! | ! : !
Snielding | f :
! : : : j ‘ 1
Shialaing Farrulias i 5 : ! i :
? i ‘ ' i ! i
Terminal ! { ‘
’ Minad. L4g ’ l i |
. ' i ! i !
Splice l t | ! : |
| Conntr 3azksnail | ; P
| Conntr Bazcsneil | } Doro-d
] H 1
Clamp i | |
T 2eTi ZAITOCHa- ) {
' 1 : t ) :
| Press. i ' : ; 3
| Seal/?at%ing | ! f i
; : : .
Terminal 3lock ! : | |
RFI Stuffing Tube i ‘ l i -
5 Shield Plate i ‘ i | ;
¢ t
i
' TOTAL €0ST = 112.2 Yy
261 !
oorrnabte T TIC e et ‘
P R A e




NADC-82923-50
TABLE F.28
COMPOMENT COSTS
LOW-2 AMPACITY CABLE RUN, INCLUDING COMPONENTS - INSTALLED 14 METAL AIRFRAME

: LENGTH ! L
‘ CChCUCTCR SF i
l SYSTEM | CCMPONENTS Q7Y RUN-FT | QTY ! cosT RIMARKS !
i 27090C | o ! g !
- 0UNG | Insulatec wire- ! : |
| J1RE rAlum, : i ! !
. ! |
Insulated Adira- ! ! |
Cannard ! | | :
] |ﬁ ~ ;
Insulated Wire- : i l Jlas !
Cammawn, 2 it ! - X t * = =TT
| i
| :
| . |
. ' 1
Sleaving ‘ ) ! : ,
! 1 ! , i j
! { i
i Slaaving g j i .
- ' | ' : :
: b i i i i .
: i Shialaing i i ’ 5 1
i ; ! ! !
i . _ ) : ] ;
) ! csni2iding Farrulas ‘ »
z ) l ] | ! ,
. i ‘ ' [ |
| Termiral L.g i ! { : |
' { ! 1 | : |
: (Sa?1ce ' ! ! ' ! !
i : : : | ! !
:A , - i l ]
 Connzr/3acksie r P oo
] ‘ - - =}
-~ i ’ !
Clamp ! ! : ' . j
\ 1 Ta - ST eTaA |
H - ] - - s e o ma oo
i : ; i
2rass ! i : f ;
Seal/Potting ; ‘ |
_— i i
rerminal 3lock l i g
i .
) !
mor ma s - ! ;
P AFD Stuffing Tugte ; |
Shieid Plate i
i i .

)
n® o
ot A
« oD
. L .
A e
eyt L —_
- . Nt -~
See

e m—

i e R
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